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INVESTIGATION OF THE POLLUTION OF CERTAIN TIDAL WATERS 
OF NEW JERSEY, NEW YORK, AND DELAWARE, WITH SPECIAL 
REFERENCE TO BATHING BEACHES AND SHELLFISH-BEAR- 
ING AREAS, 


By Huau 8. Cummine, 
Surgeon, U. S. Public Health Service. 


INTRODUCTION. 


The first investigation of the tidal waters of Maryland and Virginia 
with special reference to the pollution of shellfish having been com- 
pleted,’ these studies were extended to include the coastal waters of 
New Jersey, New York, and Delaware. » 

Arrangements were made with the department of health of the 
State of New Jersey for cooperation, through which a party was to 
use the shallow-draft launch Jnspector, of that organization, for 
studies along the Atlantic coast of New Jersey, while the Public 
Health Service laboratory steamer W. D. Bratton was to be utilized 
for an investigation of the Delaware River and Bay and their tribu- 
taries and the waters of Raritan Bay. 

At the request of the Chief of the Bureau of Chemistry, a confer- 
ence was held by representatives of the Bureau of Chemistry of the 
United States Department of Agriculture, the New Jersey depart- 
ment of health, and the Public Health Service, during which it was 
stated that the authorities of the city of New York had forbidden 
the sale of oysters taken from the New Jersey side of Raritan Bay. 

In view of the discrepancy between results obtained by the State 
board of New Jersey, the Bureau of Chemistry, and the New York 
authorities, and in view of the fact that oysters from the condemned 
areas were sold during the summer season, it was agreed that the 
Public Health Service should begin the investigation of the shellfish 
areas in Raritan Bay as soon as practicable. Accordingly, the lab- 
oratory steamer Bratton proceeded to Keyport, N. J., with a party 
which consisted of Surg. H. S. Cumming, Asst. Surg. C. E. Waller, 
Sanitary Engineer C. A. Haskins, and Bacteriologist H. V. Stewart. 

The investigation of those waters was conducted from June 21 to 
August 20, 1915, when the vessel was moved to the Delaware River. 
The party returned to the vicinity of New York on November 12 and 
continued work until December 5, in order that the conditions pre- 
vailing during the period of change from moderate to low tempera- 


1 See Public Health Bulletin No. 74. 
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tures could be observed. ‘This is the most important period of the 
shellfish business, from both the sanitary and economic points of 
view. 

On August 25 the Delaware River studies were commenced, which, 
alternated with those on Delaware Bay and its tributaries over a period 
of several months, the investigation being finished in December. At 
about the same time the investigation of waters on the Atlantic coast 
of New Jersey was begun, and conducted jointly by representatives 
from the State board of health and a party from this service. 

In June, 1916, a reexamination of the water and shellfish of that 
portion of Raritan Bay and tributary waters on the New Jersey side 
was made in cooperation with representatives of the Bureau of Chem- 
istry, United States Department of Agriculture, the State department 
of health of New Jersey, and the city of New York. 


SCOPE AND METHODS OF INVESTIGATION. 


Form of studies.—The studies took the following form: 

1. A sanitary survey of the drainage area of the waters studied, 
with their tributaries, the survey including— 

A. Character and amounts of sewage and wastes discharged 
into the waters. . 

B. Population on the watershed. 

C. A study of the direction and velocity of currents and tides 
with reference to their effect on the pollution of certain 
areas and on ‘the time factor in purification, etc., including 
the conducting of float experiments. 

D. A study in detail of sanitary conditions in the vicinity of 
the shellfish beds and of the water in which they were 
situated. 

2. The bacteriological examination of samples of oysters and 
water from the areas investigated, including oysters freshened or 
floated after being taken from the beds, and of sewage effluents from 
disposal plants discharging into the areas studied. 

3. Chemical examinations for the determination of dissolved 
oxygen, etc. 

4. A study of the amount and seasonal prevalence of typhoid 
fever in the communities adjacent to the waters investigated, with 
special reference to ascertaining what proportion, if any, of such 
cases were due to bathing in polluted water or to the ingestion of 
infected shellfish from such waters. 

Technique of collection and examination of samples.—The method 
of collecting samples and the technique of examination were those 
which have been used in our previous investigations and described 
in Hygienic Laboratory Bulletin No. 104 and Public Health Bulletin - 
No. 74, with the following exceptions: 
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Analyses of results obtained in previous examinations show that 
no considerable information as to infectious pollution can be ob- 
tained by the total colony count on agar at 20° C. from a composite 
sample of shell liquor. This opinion is held also by all the members 
of the committee of the American Public Health Association on 
standards for the examination of shellfish and by all other bac- 
teriologists consulted; therefore a count upon agar at 37° was 
substituted. 

In addition to the determination of the B. coli content and the 
total count, oyster and water samples were examined for strep- 
tococcus forms, from which, however, no information of definite 
value was obtained. 

Determinations of dissolved oxygen were made according to the 
Winckler method as modified by Elvove." 

Floats.—The floats used were those constructed and used by the 
United States Coast and Geodetic Survey in connection with the 
investigation of the Potomac River by the Public Health Service, 
and were similar to those used by the Metropolitan Sewerage Com- 
mission in the investigation of the pollution in New York Harbor. 


1 Hyg. Lab. Bull. 96. 


RARITAN BAY AND VICINITY ! 
GENERAL VIEW OF AREA. 
DESCRIPTION. 


The area covered in this investigation includes all of lower New 
York Bay west of a line from Fort Wadsworth (at the west side of 
the Narrows) southeastward to Sandy Hook, with Staten Island to 
the north and west, and the north shore of New Jersey to the south 
and west, together with the waters tributary to this area. 

The area is triangular in shape, with the base east. Ten miles of 
this base is open to the sea. The waters entering this side of the 
triangle come from the Atlantic Ocean and through the Narrows 
from Upper New York Bay. 

The southeastern portion of this area (lying west of and partially 
embraced by Sandy Hook, and extending as far as Point Comfort) 
is called Sandy Hook Bay. Into its southern portion discharge the 
Shrewsbury and Navesink Rivers through a common narrow entrance. 

The apex of the triangular Raritan Bay area is about 15 miles west 
of the eastern entrance, and into it discharge the Raritan River ? 
and Arthur Kill, which are the only tributaries of large size. No 
large streams on Staten Island discharge into the area, but there are 
two small bays, one of which, Great Kills, is a body of water with 
an entrance 4 mile wide, opening southwestward. It hes about 64 
miles southwest of the Narrows, is about. 14 miles long, is shallow, 
and receives a small creek at its head. 

Princess Bay is an identation in the Staten Island shore about 104 
miles below the Narrows. A small stream called Lemon Creek dis- 
charges into Princess Bay. 

There are several small tributaries of sanitary importance which 
discharge into Raritan Bay from the New Jersey (or south) side, 
including Cheesequake, Matawan and pepsin Creeks, and the 
Shrewsbury and Navesink Rivers. 

The bay is of moderate depth throughout, the bottom sloping gradu- 
ally from either shore to depths varying from 8 to 15 feet over broad 
areas of sand flats for distances of 1 to 2 miles on either side of the 
channel. However, the channel, from the junction of Raritan River 
and Arthur Kill, is narrow, deep, and hugs the Staten Island shore for 
34 miles to Seguine Point, which marks the eastern end of Princess 
Bay. 


1 1 See Map No. 1. 2 See map No. 2. 
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On the south side of this western section of the cnannel the shoal 
reaches from the New Jersey shore northward to end in Round Shoal, 
the edge of which is only about 400 yards from Seguine Point. From 
this point a channel dredged+to 19 feet depth for about 2,700 yards 
leads southeastward toward the middle of the bay. From about 13 
miles south of Seguine Point there is a constantly widening area of 
water, from 20 to 30 feet in depth, toward the eastern limit of the 
area, where there are three deep passages connecting Raritan Bay 
with the eastern part of lower New York Bay and the Atlantic Ocean. 

The configuration of the bottom on this eastern side of the area 
is of great importance in determining the direction and extent of cur- 
rents to and from the Upper Bay or the ocean, and consequently the 
amount of pollution which may reach the Raritan Bay shellfish beds 
from New York Harbor on the one hand, and the dilution by ocean 
waters on the other. 

Reaching from Fort Wadsworth southward for about 3 miles to 
a point below Swinburne Island, is a narrow bar called West Bank, 
over which the water has a depth of from 14 to 9 to 10 feet. Below 
Swinburne Island the water gradually deepens to a depth of 20 feet 
at West Bank Light. 

Romer Shoal begins about 900 yards southeast of West Bank Light 
and extends southeastward for 3? miles, with depths varying from 
3 to 15 feet. 

South of Romer Shoal, and separated from it by the Swash Channel, 
are other shoals, including Flynn Knoll. Sandy Hook Point lies 
1,200 yards south of Flynn Knoll and is separated from it by the 
main channel. Ambrose Channel is east of these bars and runs south- 
east from the Narrows to the ocean. 


SHELLFISH AREAS. 


New York side.—There are extensive oyster beds on both sides of 
the channel of Raritan Bay, the beds on the New York side covering 
the larger area and extending from near West Bank and around Old 
Orchard Light all along the Staten Island flats nearly to the Great 
Beds Light at the junction of the channels from Raritan River and 
Arthur Kill. 

For convenience they may be described in three groups, beginning 
at the west: (a) The Princess Bay area, which lies on Round Shoal, 
across the channel from Princess Bay; (6) the Great Kills area, which 
extends from Seguine Point eastward and opposite Great Kills; (c) 
the Old Orchard area, which lies around that light and extends north- 
easterly toward West Bank and Hoffman and Swinburne Islands. 

In addition, oysters grow in Great Kills and all along the foreshore 
_of Staten Island, as well as in Arthur Kill. Approximately 20,000 
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acres or 30 square miles of beds are included in the oyster bearing area 
within the jurisdiction of the State of New York. 

According to information courteously furnished by Mr. Emmett B. 
Hawkins, supervisor of the Bureau of Marine Fisheries, Conservation 
Commission of the State of New York, the cultivated oyster beds in 
Raritan Bay equal 8,800 acres. The value of the industry was not 
known?! 

New Jersey side-—On the New Jersey or the southern side of the 
bay the only area of importance is that of Conaskonk Point, or Key- 
port Bar. 

The region is of great commercial importance because of the im- 
mediate proximity of New York and other large cities, which consume 
great quantities of shellfish throughout the year. 

The suitable hard bottom, the influx with each tide of enormous 
quantities of seawater, and the presence of abundant food swept down 
by streams combine to make the area of great value in growing 
oysters. 

It is understood that most of the seed oysters are brought from 
Chesapeake Bay, Long Island Sound, and other outside districts, 
though a quantity are also grown in the beds around and westward 
of Princess Bay. 

The oysters from the New York beds are used chiefly for winter 
trade, both shell and shucked; and large quantities are carried to 
Keyport, where, after immersion for one or more tides in Lupat- 
cong or Cheesequake creeks, they are shucked or shipped as shellstock. 

The industry of Keyport is very largely a summer one; oysters 
from Chesapeake Bay are planted during the early spring months on 
Keyport Bar or Conaskonk Point, taken up during the summer, 
allowed to “drink” in Lupatcong Creek, and sold as shellstock. 
Owing to the high B. colt score in oysters taken from Lupatcong 
Creek and Keyport Bar found by representatives of the Bureau of 
Chemistry of the Department of Agriculture and the board of health 
of New York City, the Interstate shipment of oysters from these 
sources or their entry into the city of New York was forbidden. In 
view of the trade being a summer one, it was considered advisable to 
investigate conditions during that season. 

In addition to the oyster beds described, the flats and foreshores 
have many extensive hard clam or quahog (Venus mercenaria) and 
soft clam (Mya arenaria) producing areas. The flats of Sandy Hook 
Bay are especially prolific in clams and the industry is chiefly a sum- 
mer trade, though the foreshores are fished for clams throughout the 
year. This industry is unorganized and is carried on by individuals. 

In general, the industry on the New York side is to a great extent 


1 Letter Nov. 8, 1915. 
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controlled by large corporations which have other holdings elsewhere, 
while the Conaskonk Point or Keyport Bar beds are controlled by 
small dealers. 

SCOPE OF STUDIES. 


Following out the general scheme for the investigation, a survey 
of Raritan Bay and vicinity was conducted with the following objects 
in view: First, to estimate the quantity and character of the sewage 
and wastes from human,sources discharged into the streams on the 
watershed of the bay; second, to find the effect of such sewage and 
wastes on the waters of the streams and the bay; and, third, to estab- 
lish the presence or absence of the danger of infection of the shellfish 
beds or “drinking” grounds located within the bay or its tributaries. 
Studies were therefore made of the number of persons residing on the 
watershed, rural and urban, the sewer systems, and disposal of 
sewage from the communities, the courses and velocities of currents 
and tides through the bay, the shellfish, and the water in which the 
beds are located. 

The sources of pollution of Raritan Bay may be enumerated as 
follows: (1) Communities situated on the streams which drain into 
the bay. (2) Communities situated along its shores. (3) Upper 
New York Bay (through The Narrows). (4) Shipping on the bay. 
This last is of such small amount in proportion to the large volume of 
water in the bay that it need not be considered. 

Studies were made of the Raritan River, Arthur Kill, the Shrews- 
bury and Navesink Rivers, and currents from Upper New York Bay, 
which is polluted by sewage from the city of New York and several 
municipalities in New Jersey; and detailed inspections were made of 
the shores of the bay and the creeks used for ‘‘drinking”’ oysters. 

In view of the enormous amount of work done and the data secured 
by the Metropolitan Sewerage Commission from 1906 to 1914 and 
made available through its valuable reports, no study was attempted 
of upper New York Bay itself or the communities contributing 
pollution to it. Frequent reference to the reports will be found 
throughout this bulletin. 


RARITAN RIVER. 
SANITARY SURVEY.! 


With the exception of the Delaware, the Raritan is the largest 
river in New Jersey and is quite important, aside from its possibilities 
of power development, in that it is used extensively as a source of 
water supply and a means of sewage disposal by communities in its 
neighborhood. The river rises in the hills of Morris County and flows 


1 See Appendix IT, page 135, for record of typhoid fever cases in New Brunswick, Perth Amboy, South 
Amboy, Borough of South River, etc. 
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in a generally southeast direction to Raritan Bay.’ It drains 1,105 
square miles of territory. From Fieldville dam to its mouth at Perth 
Amboy, a distance of about 17 miles, it is tidal and navigable. There 
are about 170,000 inhabitants on the drainage area, of whom 122,000 
live in cities of 1,000 population or over. There are 16 cities, with a 
combined population of about 90,000, having sewer systems, but only 
67,000 of the inhabitants of these cities are estimated to be tributary 
to the sewers. There are several factories on the watershed, employ- 
ing about 6,000 persons. Some of these factories produce wastes 
of a more or less objectionable character. About one-half of the total 
watershed is tributary to lakes or streams furnishing domestic water 
supply; consequently the sewage from many of the towns on the upper 
drainage area is satisfactorily treated. Along the lower part of the 
watershed, however, sewage is discharged directly to the water- 
courses with no preliminary treatment. The following table, No. 1,? 
shows the places having sewer systems, population by the 1910 
census, the estimated sewage flow, and whether or not the sewage 
is treated: 


TaBLE No. 1.—Quantity of sewage and tts treatment in cities along Raritan River. 


Popula- Quantity | Treat- 
Place. tion, 1910. Nate of stream. of sewage. | ment 
Gallons 

UO a ee ER Sere eee eee 250 | North Branch Raritan River 3, 000 

Eg Re oR ME oa rie Rn Ae ae 350 |-...- Os Loe ew nae eee ee 15,000 | Yes 
Giant a Or ae nic cis TS. gerry epee ape 800.) South Branch...) 5...-...-..- 50,000 | Yes 
fp a ie Ree Ses SB etc 2,800 |...-- EEE Arietta taal ce omtortesh 200,000 | Yes 
PIO WOE ona pit hes. Thi. +55. Se Baek 2,100 | Millstone River...........-.-- 130,000 | Yes 
ge i tier cis pele ase fi am, A I, 5,200 beeees ae lbp Magen tual: 400,000 | Yes 
eRe ee ee ee ae LOW jhewsy Ons sintneed. s sepee eee 5,000 | Yes 
cee A Oi pei BESS Eaacocae af 0 WO ee ree es mist ee 50,000 | Yes 
DAD wGDHEe... £25 4052 Feed tei ee dae 1,600}. South River ju... .-< pod. -cak'y- 60,000 | Yes 
oy Recent ete 2 Pca COO 12.5.5. Oe cee sets = Sete es eee 15,000 | Yes 
Souila Rivers 6... 0. 21 Meir Seen ot eb esd 9 O00} Vea nic mst sine si step v5eh 150,000 | No. 
tid gs Ra Ss er ah et aaa ithe tooth aa PE OO JP OLCC, SOU. oo nc eae a ce oe 1,800,000 | Yes 
Seth. Blainfield 23... comet. pp tjee nb steer 1,050 ded --- Die jv eittarccer- dre Sake yes 800 | Yes. 
MOMOOUBS SOP Se wie nad ve Se ee ine oe B00 = «= a0 i ge a Ca rent tei: 30,000 | No. 
Osos on ice eis Soa a yy - > Soh 1,500 | Lawrence Brook............-. 150,000 | No. 
WeAOR ES eo oe ote se ee ee hoe = ne ee 3,000 | Svakivall WIVOr.-. S22. 2 o ose e de 300,000 | No. 
OMIOE RSs 5. saci Seranieuacratad Pa §, 500.4... 3. OOS & 5 seek S . Sages ost 450,000 | No. 
a Bal as. peg eg i de Rehr Lal eee %, 0007... 5- | phe, cecilia dei SA 300,000 | No. 
EEN aS 9 ee i ee See ACL eee a oe eno: meee 115,000 | No. 
INOWe SPULOWIOR ovine ot on oe dees oot ae a 23,000 }..... DO os acme “An caer cee 2,300,000 | No. 
Pasth Amboy tk 2.23 & sess tevw. Benet 10,000 |....- GO jew ot ans tenth a...das 1,000,000 | No. 

SOB 2s Ren th ss: Ps ee. es OF 0G oo eats DREN. 20 eu 7,555, 800 


1 About one-third of Perth Amboy sewage discharged into Raritan River. 


About 7,500,000 gallons of sewage per day is discharged into the 
river or its tributaries, of which 4,500,000 gallons, more than one- 
half, is untreated. Practically all of the untreated sewage enters the 
river below Raritan and within 30 miles of its mouth. 


1 See map No. 2. 
2 State Board of Health of New Jersey, Annual Report for 1914, 
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In Table No. 2' are shown the places discharging raw sewage be- 
low Raritan; also the average daily stream flow in gallons and the 
theoretical dilution of sewage by water in the river. 


TaBLe No. 2.—Theoretical dilution of sewage of cities below Raritan. 


j 
Sewage pi, aa | Stream flow | Theoret- 
Place. (gallons (gallons (gallons | _ ical 

daily). daily). daily). dilution. 
cg EL ag A EE, RR CI AC REL ENE R 300, 000 to... .ncce-bend 65, 860, 000 210 
momervilles.coe.Lewy.2 32s ios Sees heh eee ee 450, 000 750, 000 67, 880, 000 
MOUNT 00K oss cia sisie oa ses See es aoe se ee een 300,000 | 1,050,000 | 129,852,000 129 
Highland Park and New Brunswick..................- 2,415,000 | 3,465,000 134, 932, 000 300 
SOME TS EOLU OE: ote cee en cine ete ciacawie nna tne Seen «tee 225, 000.1 3,690, G00 Tau. oc mech cieslcocens-s ce 
Bert Amboy (part of)cc+ 22.38 <6 See. cee tiaeue ss Ie om 1,000,000 | 4,690,000 | 187,000,000 1,450 
OUMBMAAMDON 22» «Bia sah cars aslo sc Anke gee oes aoe aeie 500,000 | 5,190,000 | 16,640,000 |.......... 


1 Tidal flow. 


With this enormous dilution no evidences of sewage are visible 
in the river at New Brunswick and consequently none at Perth 
Amboy. 

BACTERIOLOGICAL RESULTS. 


Three series of samples of water for bacteriological examination 
were taken along the river in September, November, and December, 
from New Brunswick to Perth Amboy, the results of which are shown 
in Table A, page 84. 

ARTHUR KILL.’ 


SANITARY SURVEY. 


Arthur Kill is a narrow, winding, tidal stream, about 13 miles long, 
which separates the western side of Staten Island from the mainland 
of New Jersey. It connects Newark Bay and Kill Van Kull with 
Raritan Bay and is navigable throughout for ocean-going vessels. 
It is rapidly becoming one of the important shipping ports of New 
York Harbor. Except near its two ends the shores are rather sparsely 
populated, but there are many factories and an increasing urban 
population, particularly on the New Jersey side. It has a drainage 
area of only about 167 square miles (or 353 square miles if 17 per 
cent of Newark Bay and Kill Van Kull tributary to Arthur Kill are 
included). Its average flow of water on the ebb tide is about 330,- 
000,000 cubic feet on each tide, or 4,936,800,000 gallons per day. 
This includes the drainage from the Elizabeth and Rahway Rivers 
and Woodbridge Creek. The bulk of water, 297,000,000 cubic feet 
per tide or about 4,443,120,000 gallons per day, is tidal, and about 
493,680,000 gallons per day represents the fresh-water flow. The 


1 State Board of Health of New Jersey, annual report for 1914. 
2See Map No. 1. 
' 8 Report Metropolitan Sewage Commission 1912, p. 22. Ibid, Report 1914, Table CVI. 
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net ebb is 33,000,000 cubic feet. It is estimated that 17 per cent of 
the total discharge on ebb tide flows from Newark Bay, which is 
heavily polluted. Table No. 7 shows the places from which sewage 
is discharged into Arthur Kill, the population of the places, and their 
estimated sewage flow: 


TABLE No. 3.—Sewage entering Arthur Kill. 


nba Tetastot 
opula- |sewage flow 
City. in. (gallons 
daily). 
a a i SD a ge ae Se 32,121 2, 350, 000 
a IE Sate wg Ed fn, gu Ae acre Sc oe main wake 5, 500 500, 000 
Roosevelt (including Chrome, Carteret, and Port Reading)...................--- 5, 786 1 683, 000 
Sena Cremorne ELUM 1OlVer).....-.. =. +--+ ane -aecechitccc. ce. e. 9, 337 1,000, 000 
Cranford and Garwood (discharge to Rahway River)..................---.-----. 4,759 | 21,500,000 
AS SET i et, aieet! Ahakt Lite acer SP leleianals 602 ‘ 
EMER roto no 1 8 so sysname ph Une tegen ax om ies a senate ewes 43,229 | 11,100, 400 
I href rely She Ba i ae as BL see han vin sae ndine Hos <n ce 73, 409 9, 000, 000 
ee tity PICO E MENON io 2 ois wis ee MADE NE ME De ieee ete dace ce [occ seeusace- 51,154, 700 
ES ere ee aie 2d NOT eee eas Oe 173,743 | 27,350,100 


1 Includes 350,000 gallons from Maurer. 

2 Includes some factory wastes. 

’ Joint trunk sewer serves following places: South Orange, West Orange, Irvington, Milburn, Summit, 
Roselle Park, Newark (part of), 3,000,000 gallons daily; and Elizabeth (part of). 

4 Includes all of Elizabeth sewage. 

’ From gaugings by bureau of sewer plan, board of estimate and apportionment, city of New York. 

Arthur Kall receives the wastes from about 50 factories in addition 

to those shown in the table, among them several oil and asphalt 
refineries and chemical works. These plants discharge wastes into 
Kill sufficient to cause a heavy ‘‘sleek”’ on the surface of the water 
most of the time. About 17,000 persons are employed in the fac- 
tories on the shore of the Kill and Woodbridge Creek and are served 
either with sewers direct to the water or by overhanging privies. 
About 75 per cent of these persons live in the towns included in the 
table, but the remaining 25 per cent live in communities which are 
not sewered. Practically none of the sewage reaching Arthur Kill 
is treated. If all of the water on the ebb tide is considered available 
for dilution, neglecting that water below the tidal prism, there is a 
dilution of about 180 times; but this figure is too high, for the rea- 
son that sewage in Arthur Kill is carried backward and forward 
for several days before it leaves the Kill, as shown by various float 
tests made by the Metropolitan Sewage Commission of New York 
and described in the report of that body for 1914: 
Float 61 December 16-18 showed: 

Total distance traveled, flood, 16.97 miles in 21.5 hours. 
Average velocity, flood, 0.79 mile per hour. 
Maximum velocity, flood, 1.80 miles per hour. 

Total distance traveled, ebb, 11.80 miles in 15 hours. 
Average velocity, ebb, 0.79 mile per hour. 
Maximum velocity, ebb, 2.33 miles per hour. 


69263°—17——2 
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Also, a large amount of the water flowing into the Kill on flood tide 
is from Raritan Bay, which can not always be considered as un- 
polluted water, and a small part (0.17) is from Newark Bay, which, 
as has been mentioned, is seriously polluted. 

The resultant flow of Arthur Kill is toward Raritan Bay. 


BACTERIOLOGICAL AND DISSOLVED OXYGEN RESULTs.! 


Various dissolved oxygen determinations and bacteriological ' 
examinations made of water from Arthur Kill during this study are 
shown in Table B (p. 85), an analysis of which is shown in Table C 
(p. 87). : 

A record of cases of typhoid fever in the territory adjacent to this 
area will be found in Appendix II (p. 135). 


CONCLUSIONS. 


These results indicate that a water with low oxygen content in 
summer and with B. colt present in 0.1 c. c. may be expected ordi- 
narily from Arthur Kill-at Great Beds Light, near which the flow 
from the Kill and that from Raritan River, with approximately the 
same B. coh content, unite on ebb tide to flow into Raritan Bay. 
This point is about 3 miles above the upper limits of the shellfish beds, 
from which oysters are taken to be floated and then sold as food. 

The practice of bathing in this body of water, as was observed at 
Perth Amboy, Elizabethport, and other points along its shores is — 
obviously dangerous and should be condemned. 


WESTERN PORTION OF RARITAN BAY. 
SANITARY SURVEY. 


An examination of the map showing the topography of the bottom 
of this area ? will suggest the probable direction of ebb currents from 
the above streams. One channel, which has been dredged to 19 feet 
depth, leads northeastward, hugging the Staten Island shore from 
Red Bank to Princess Bay and Seguine Point; north of Round Shoal 
it turns east and southerly through another 19-foot channel to the 
deep water. A wider, ill-defined channel of 11 to 15 feet depth leads 
eastward from Great Beds, past the south end of Round Shoal, to the 
deep channel between Keyport Bar and Round Shoal. The latter 
appears the most direct and probable course for both ebb and flood 
currents from and to Arthur Kill and Raritan River. 

Float tests—Six float tests were made by the Public Health Service 
party to determine the extent and the direction of the ebb current.?' 


1 See Chart 1. 2 Map No. 3. 


MAP 3. 
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A large Coast Survey type float (Float 6) was started at the begin- 
ning of ebb tide just below Great Beds Light, at the junction of the 
channel from Raritan River and Arthur Kill. The wind was light 
and negligible for this type of float and the stream flow about average. 
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The float started northeastward through the cut channel toward 
Princess Bay, followed the channel north of Round shoal, and then 
drifted in a southeasterly and southern course toward the middle of 
Raritan Bay, near black can buoy C. Flood tide was beginning 
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when the float was picked up after it had traveled 4 nautical miles in 
about six hours. 

Floats 1 and 2 were set out in Arthur Kill opposite Perth Amboy 
and followed the channel down to the central channel and were taken 
up south of Round Shoal about a mile northeast of the boundary 
beacon, having traveled about 34 nautical miles in five and one-half 
hours. : 

Floats 3 and 4 were set out together in Arthur Kill channel near 
the starting point of 1 and 2, and were carried down to the junction 
point with Raritan River, where they traveled northeastward in the 
dredged channel to the western edge of Round Shoal about opposite 
Red Bank, when they were taken up after having traveled approxi- 
mately 2? nautical miles in about five and three-fourths hours. 

Float 5 was set out on ebb tide above the mouth of Arthur Kill, 
near spar buoy 1 Q, and traveled to the west edge of Round Shoal, 
near the point where floats 3 and 4 were taken up, when the tide 
turned and it was carried up Arthur Kill to a point above Totten- 
ville and Perth Amboy, just below the entrance to Mill Creek, having 
traveled in one flood tide about 4 nautical miles. 

From the above studies it appears evident that such pollution as 
is present itt the Great Beds area from Arthur Kill and Raritan River 
will be carried to the channels north and south of Round Shoal for at 
least one or two hours of each ebb tide, and longer during periods of 
heavy stream flow. 3 

Factors in pollution of area.—At Seguine Point a dental instrument 
factory employing 600 persons discharges raw sewage into the Princess 
Bay area. Near Princess Bay Light the Mission of the Immaculate 
Virgin, with a total population of about 1,800, discharges about 
200,000 gallons of raw sewage a day in the immediate vicinity of 
shellfish beds. While a study of the bacteriological results * does not 
show any evidence of heavy pollution in the neighborhood of these 
sewer outlets, the danger of discharging fresh sewage directly on 
oyster beds, even with a high dilution of water, must be realized. 
Both of the outfalls are across the channel from Round Shoal. 

There are large areas of oyster grounds on the shoal, most of which 
are used for ‘‘seed’”’ purposes, though it is stated that some oysters 
therefrom are used for food. 


BACTERIOLOGICAL RESULTS. 


Twenty samples of oysters and 42 samples of water were taken 
from this area in July and August and examined, with the following 
results: ? 


1 See Table D (p. 88.) 2 For details see Tables D and E (pp. 88 and 91.) 
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Only one sample of oysters scored as high as 23, while four gave 
scores of 14, and the others scored not higher than 5. 

Of the samples of water taken with the oysters, B. coli was absent 
in 2, or 10 per cent in 10 c. c.; present in 18, or 90 per cent, in 10 c.¢.; 
present in 11, or 55 per cent in 1c. c.; and present in only 1, or 5 par 
cent in 0.1 ¢. ¢. 

Of the remaining 22 samples of water taken in this area, 22, or 
100 per cent, showed B. coli present in 10 ¢. ¢.; 19, or 86.3 per cent, 
showed B. voli present in 1 c. c.; and 8, or 36.3 per cent, showed 
B. coli present in 0.1 ¢. c. Seven of the eight samples showing 
B. coli present in 0.1 ¢. c. came from the upper end of the area, over 
a mile from the oyster beds. 


CONCLUSIONS. 


The presence of the two sewers and other local sources of pollution 
make it dangerous to use oysters from the foreshore north of the 
channel, but the bacteriological results obtained from the samples 
of oysters and water on Round Shoal indicate little pollution. 

Bathing along the shores of this area is considered safe, except in 
that portion of the bay above Great Beds Light and in the neighbor- 
hood of local sources of pollution, such as exist at Seguine Point and 
opposite the Mission of the Immaculate Virgin. 


EASTERN PORTION OF RARITAN BAY AND LOWER NEW YORK BAY. 


SANITARY SURVEY. 


The greatest possible sources of pollution of this area, in addition 
to those which have been already mentioned, are the cities the 
sewage from which is discharged into New York Harbor and thence 
through the Narrows into the Lower Bay. 

The amount of sewage discharged into the harbor daily was esti- 
mated in 1910 as 604,000,000 gallons, and it is estimated that in 1917 
the amount discharged will approximate 700,000,000 gallons daily. 
In a short time there will be added to this quantity about 630,000,000 
gallons daily from the Passaic Valley sewer. 

Tides and currents—The sources and approximate amounts of 
sewage which enter the region being known, a study of tides and 
currents was made to determine whether excessive pollution of the 
shellfish beds of this area might be expected from such sources. 

According to the United States Coast and Geodetic Survey and the 
Metropolitan Sewage Commission,? the mean resultant or net flow 
seaward—i. e., excess of ebb over flood tide at the Narrows—is about 
1,282,300,000 cubic feet per cycle of 12 hours, the resultant varying 


1 Karl Imhoff, p. 317, Met. Sew. Com. Rep., 1914. 2 Pp. 179 et al., Report, 1910. 
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from 41 per cent greater than the mean to 46 per cent less than the 
mean. ‘There is an excess of ebb flow of from 10 to 15 per cent, even 
in seasons of low river flow.! 

As a result of many float tests, the commission concluded, regarding 
movements in the Upper Bay: 

1. Floating matter starting in the channel near Robbins Reef may, within one 
tidal period, reach the shores of the Hudson as far as Sixtieth Street, Manhattan, or 
of Staten Island at any point in Kill Van Kull, Upper Bay, or Lower Bay, as far as 
South Beach. It may strand on the Brooklyn shore at any point south of Red Hook 
with a westerly wind, but a strong ebb current may carry it as far out as Romer Shoal, 
* * * (Robbins Reef is the point of discharge for the Passaic Valley sewer.) 

4. Ordinary velocities encountered in the Upper Bay on flood are: Mean, 1.2 miles 
per hour; maximum, 1.8 miles per hour. 

5. Ordinary velocities encountered in the Upper Bay on ebb tide are: Mean, 1.6 
per hour; maximum, 2.5 to 3.1 miles per hour.’ 


The velocities of currents at the Narrows are: Mean ebb, 2.0; flood, 
1.6 miles per hour; maximum ebb, 2.8; flood, 2.3; minimum ebb, 
1.1; flood,.0.9. 

The distance from the Narrows to the Battery at the lower end of 
Manhattan is about 4 miles, so that a large though undetermined 
amount of sewage is carried on one tide from the outfalls of Man- 
hattan, Staten Island, and Brooklyn into the Lower Bay. This fact 
was established by various float tests. 

The condition of the water at the Narrows, as determined by the 
commission, is shown in the following abstract: 

Dissolved oxygen in July, 1909, 71 to 91 per cent of saturation on ebb tide and 85 
to 100 per cent of saturation on flood tide. The table for 1911 shows 76 to 79 per cent 
saturation for all tides. Bacterial counts on gelatine at 20° averaged for all tides and 
depths 4,500 colonies per cubic centimeter; average, surface, 8,300; bottom, 1,900. 
Average number of colonies on flood tide, 2,500; ebb tide, 6,700. (There appears to 
have been no determination of the B. coli content.) Samples of mud taken from the 
bottom constantly showed evidence of gross pollution, and this area of bottom pollution 
appears to reach south almost to Sandy Hook. 

It is estimated that even at the Narrows the velocity is slackened for 50 per cent of 
each total tidal cycle sufficiently to permit deposits of sewage solids (Table V, Report 
1910). 


In the lower bay ‘‘in the Main and Swash Channels the flood cur- 
rent starts in on the north side of the channel 15 minutes later than 
on the south side, and the ebb starts out on the south side of the 
channel 15 minutes earlier than on the north side... . The cur- 
rents at half ebb in the Swash Channel set eastward strongly.”’* 

A study of the surface appearances only suggests that a very large 
part of the ebb tide flow from the Narrows would spread somewhat 
and cause a heavy pollution on at least that part of the Staten Island 
flats which lie eastward of Old Orchard Light and Great Kills; but 

1 Coast Pilot, U.S. C. & G. S., and Met. Sew. Com, Report, 1910. 


2 Report, 1910, pp. 204-5. 
3 P, 32, Atlantic Coast Pilot V. 
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the West Bank already described acts as a jetty or breakwater to 
protect the area. , 

The mean prevailing winds in the district are from northwest 
throughout the year except during June and July, when they are from 
the southwest. 

As a result of numerous float observations the Metropolitan Sewage 
Commission concluded: 

The most striking characteristic of the records, considered as a whole, is the fact 


that the currents in the middle of New York Bay run parallel to the Ambrose Channel 
and follows its turns at the upper end.' 


That all of the water from the Narrows does not follow this channel, 
however, is shown by the following: 

A tendency to continue down the old Main Ship Channel instead of turning out to 
sea through Ambrose Channel was marked in some floats leaving the Narrows. These 
floats were all halted near West Bank or Romer Shoal light houses. 

Other floats dropped at these points on the first of the flood, either turned north 
toward the Narrows or went into Raritan Bay. In the former case they were likely 
to turn near Swinburne or Hoffman Island and go out by Ambrose Channel or return 
to West Bank Light. In the latter case, a float would go into Raritan Bay only to Old 
Orchard Light or a little further and return on ebb current. 

One float released off Sandy Hook at slack water went almost due west for about 4 
miles on the flood current and then returned to a point near the starting place.? 


In the report for 1910, p. 210, experiments were taken to indicate: 


1. Floating matter is not likely to drift back into the upper bay if it has passed 
6 or 8 miles below the Narrows. 

2. Under certain conditions it may travel westerly to Raritan Bay to a point south 
of Great Kills, but ordinarily it will pass out to sea in a southeasterly direction. 


The commission states * that the extreme points reached in a single 
tide by floats set adrift near Robbins Reef, the site of the Passaic 
Valley sewer outlet, were: 


In the lower bay 2? miles southeast of West Bank, 11.50 miles in six hours; and 2 
miles southwest of West Bank, 11.25 miles in 6 hours 30 minutes. 


The report of the commission for 1910, pages 159 et seq., contains 
charts illustrating the set of surface currents during the tidal cycle. 
During the first and second lunar hours there is a set from the Nar- 
rows down the Staten Island shore; during the third hour this ceases. 
During the fourth lunar hour, while the ebb continues to bring down 
polluted harbor water from the Narrows, there is a set from the chan- 
nel into Raritan Bay. 

Floats 88, 90, and U (Metropolitan Sewerage Commission), in 
Map. No. 3, page. 18, illustrate the occasional course of the currents. 

It is evident from the foregoing that some surface water from the 
Upper Bay does reach the Staten Island Flats around Old Orchard 
Light and to the north and east of this point. 


1 P, 508, Rep. 1914. 2Ibid., Rep., 1914, p. 508. 3 P, 200, Rep., 1910. 
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The commission ' refers to the fact that ‘‘sewage discharged in salt 
or brackish water tends to rise and float off at the surface.” This is 
confirmed by the bacterial results obtained by the commission and 
by others, as well as by our own observations. 

The tide over the Staten Island Flats off Great Kills opposite Elm 
Tree Beacon, up to Seguine Point, is weak, and the direction irregular. 

A line of tide rip with floatage was observed frequently by the 
writer, reaching southeastward from about this area and marking the 
confluence of the ebb drift from Arthur Kill and Raritan River with 
that from the Narrows and the lower New York Bay. 

Staten Island Flats —The Staten Island Flats, bounded by a line 
extending from Seguine Point northeasterly to Hoffman and Swin- 
burne Islands, thence in a southwesterly direction to Old Orchard 
Light, and thence to Seguine Point, include a large and important 
area of cultivated oyster beds. 

To complete the survey of the shellfish beds lying on the north side 
of the bay, a close sanitary Inspection of the south and east shore of 
Staten Island was made from South Beach to Tottenville. The 
sewage from the resorts at the lower end of the bay (South Beach, 
Middle Beach, etc.) is taken care of by cesspools which are regularly 
cleaned by scavengers. No sewer which discharges into the bay was 
found at any of the beaches. At Sea View Avenue, near the extreme 
northeastern limits of the shellfish beds, is a combined sewer of the 
Richmond Borough of the city of New York system, dischargmg 
directly into the bay with no treatment provided for the sewage. 


BACTERIOLOGICAL RESULTS.? 


Of 55 samples of oysters taken from this whole area during the 
first inspection, in July, August, and September, 

6, or 10.9 per cent, gave scores of 140 or higher; 11, or 20 per cent, gave scores of 50 
or higher; 17, or 30.9 per cent, gave scores of 41 or higher; and 30, or 54.5 per cent, 
gave scores of 32. or higher; 
while of the same number of samples of water taken from over the 
oyster beds, 


49, or 89 per cent, showed B. coli present in 10 c. c.; 34, or 61.8 per cent, showed 
B. coli present in 1 c. c.; and 17, or 30.9 per cent, showed B. cola present in0.1c¢. c¢. 


Of the 36 samples of oysters taken during this period from that 
portion of the area eastward of a line drawn south from the west 
side of the entrance to Great Kills to Point Comfort on the New 
Jersey shore, 

4, or 11.1 per cent, gave scores of 230; 5, or 13.8 per cent, gave scores of 140 or 


higher; 8, or 22.2 per cent, gave scores of 50 or higher; 14, or 38.8 per cent, gave scores 
of 41 or higher; 23, or 63.9 per cent, gave scores of 32 or higher; 


1 Rep., 910 (p. 183). 2 For details, see Tables 4, D and E (pp. 88 and 91). 
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and only 13, or 36.1 per cent, scored less than 32; while of the sam- 
ples of water taken therewith, 
34, or 94.5 per cent, showed B. coli present in 10 c. c.; 28, or 77.9 per cent, showed 
B. coli present in 1 c. c.; and 15, or 41.6 per cent, showed B. coli present in 0.1 c. c. 
Of 19 samples of oysters taken from the beds west of the above 
line, north of the main channel, 


1, or 5.2 per cent, gave a score of 140; 3, or 15.6 per cent, gave a score of 50 or higher; 
and 7, or 36.8 per cent, gave a score of 32 or higher; 


while of the samples of water taken therewith, 


15, or 78.9 per cent, showed B. coli present in 10 c. c.; 8, or 42.1 per cent, showed 
B. coli present in 1 c. c.; and 2, or 10.4 per cent, showed B. coli present in 0.1 ¢. c. 


The sample which scored 140 and one of the samples which scored 
50 were taken on different occasions from the same place, about 
700 or 800 yards off the Staten Island shore and about 11 miles 
westward of the entrance to Great Kills. Two samples taken nearer 
the entrance to Great Kills scored 41 each, with B. coli present in 1 
c. c. quantities of water. 

In addition to the samples of water taken with the oysters from 
this area during the first inspection there were 22 other samples 
taken. Of the 9 samples taken westward of the line from Great 
Kills to Point Comfort, 9, or 100 per cent, showed B. coli present in 
10 c. ¢.; 7, or 77.7 per cent, showed B. coli present in 1 c. c.; and 3, 
or 33.3 per cent, showed B. coli present in 0.1 c. c. In the area east 
of the line B. coli was present in 13, or 100 per cent, of the samples 
in 1 c. c.; and in 9, or 61.5 per cent, in 0.1 ¢. ¢. 

At the time of our second examination of this area the tempera- 
ture of the water had fallen to about 6.5° C., and as a result the scores 
of the samples of oysters taken indicated a considerably lessened 
physiological activity of the shellfish. No sample of the 12 ex- 
amined gave a score over 4. : 

Fourteen samples of water were taken at this time. B. coli was 
present in 12, or 85.7 per cent, in 10 c. c., and present in 4, or 28.5 
per cent, in 1c. c. Two samples not planted in 10 c. c. quantities 
were negative for B. coli in 1 ¢. ec. 

During the second examination two lines of water samples were 
taken from The Narrows down to Elm Tree Beacon, off the Staten 
Island shore, with the following results: 

Off Fort Wadsworth, flood tide, B. coli absent in 0.01 c. c.; off Fort Wadsworth, 
ebb tide, B. coli present in 0.1 c. c.; off South Beach, flood tide, B. coli absent in 0.1 
e. c.; off South Beach, ebb tide, B. coli present in 0.1 c. c.; off Middle Beach, flood 
tide, B. coli present in 0.1 c. c.; off Middle Beach, ebb tide, B. coli present in 0.1 


c. c.; off Elm Tree Beacon, flood tide, B. coli present in 1 c. c.; off Elm Tree Beacon, 
ebb tide, B. coli present in 0.1 c. c. 
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CONCLUSIONS. 


The origin of most of the excessive pollution over the part of this 
area in which the high scores were found is shown by the float tests 
U 90 and 88, of the Metropolitan Sewage Commission, shown on 
map No. 3, and our sanitary survey; and the bacteriological results, 
when considered in connection with these float results, and with 
the presence of the large sewer outfall at the foot of Sea View Ave- 
nue, justify the conclusion that oysters from the part of this area 
east of a line drawn south from the west side of the entrance to 
Great Kills to Point Comfort are subject to an excessive amount 
of pollution. 

The sanitary condition of the oysters from the area west of the 
line must be considered doubtful during the warmer seasons, and 
those from the foreshore and near Great Kills should be considered 
unsafe, unless they be removed to nonpolluted waters until cleansed 
before being used as food. 

While local disposal plants have been provided for the above- 
mentioned bathing resorts, obviously both decency and sanitary 
safety require proper purification of sewage from the Sea View 
Avenue sewer. 


CONASKONK POINT (KEYPORT BAR). 
SANITARY SURVEY. 


The oyster beds on the New Jersey or south side of Raritan 
Bay are situated on a flat called Keyport Bar, which reaches north- 
ward to near the central deep water, nearly opposite Seguine Point. 
The bar is about 84 miles west of Sandy Hook and 9 miles south- 
west of West Bank Light, at the upper end of Swash Channel. 
They are therefore beyond the range of one flood tide from this 
section and consequently are not now, nor will they be in the near 
future, in any danger of pollution from Upper New York Bay. 

The beds are 4 miles distant from the mouths of Raritan River 
and Arthur Kill, but are probably out of the ordinary path of travel 
of the ebb tide from those streams, as is shown by the float tests, 
the contour of the bottom, and the bacteriological results obtained. 
There are, however, two possible sources of pollution on the New 
Jersey shore—sewage from Keyport and from Matawan. 

Keyport sewerage system.—The sewerage system of the city of 
Keyport covers practically the entire city and has about 400 con- 
nections at the present time, with a sewage flow of about 200,000 
gallons per day. ‘This sewage is all carried to one disposal plant, 
located on the shore near the foot of Broad Street (as shown on 
map No. 4). The sewage passes through either or both of two 


1 Population in 1910, 3,554. 
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settling tanks 12 by 90 by 7 feet, entering through a distributing 
trough extending across the end of the tank, and collecting at the 
outlet end through a similar trough. Suitable baffles and scum 


MAP NO. 4 
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boards extend across the tanks just in front of the troughs to pre- 
vent currents through the tanks. Suitable sludge wells are pro- 
vided with a gasoline-driven triplex pump for lifting the sludge at 
cleaning periods, either to a disinfecting trough or to a wagon for 
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hauling it away. The settled sewage, on leaving the tanks, is sup- 
posed to be disinfected with a solution of hypochlorite of lime and 
then led through a mixing chamber, suitably baffled, before it flows 
out to the bay. Bacteriological examinations of the settled sewage 
and the effluent from the plant, as well as of samples of water col- 
lected from the bay over the submerged outlet, gave the results 
shown in the following table: 


TaBLe 4.—Results of examinations of Keyport sewage and water over disposal plant 


outlet. 
Bacteria 
No. Date. Time. Samples. B74 | B- coli. 
hours : 
Cie: 
1 | June; 25:1915. AS acm... oo... Water over sewer outlet in the bay..-...-- 50 | — 0.1 
2| June 26,1915 | 9.20a.m........-.|--.-- es Re es eee Le Saar 2, ree 90; + 1.0 
Shleeces Oss ee Sa 0 ae ees Treated sewage Wo. Sekt SaaS aees shasta 20; — 1.0 
4| June 28,1915 | 6.30 p.m.......... Seti ind-sewage .. So. one dee ce os 3 aoe 96,000} + -001 
ee 2 do. ....cdet.. do... ...../.....) teabedi Sewage. -\. priageo2 se 5-2 -= ~~ > a0 3,000 | +10,0 
i eae , Eeremeneese 8 85 0s ileal erie Water over sewer outlet...........-----.-- 435 | +10.0 
7 | June 29,1915 |....- NGn hee. Sere Setetoc@e wierd dint o2h...0 css Rant so w het = 77,000 | + .001 
$4... G0; .. « .pchgeee COs eel ons. Poe Teteiod SOWAPE > 5... 6. iene one > = pone 1,150} + .01 
ih AGxon ee Oe apeton-ianke Water over sewer outlet........----.-.----- 160 | + 1.0 
10 | June 30,1915 | 8.30a.m.-....-.--.-.|----- cana comic Son oie ets steer ern te Fi ee 
il} July - 41,1915" | op... s2--3-ee SACiiod SOWSE0 6c... tates o-- fe se oie ney 103,000 | + -001 
123) oe AOS aoeseleee <i ONE fon Tenens Rea tCCUSOWAEO icc .cc cere Scmcie cle 'e ies wisie® oir 6,000; + .Ol 
13} daly 2, 1915 | 6 Pp. M..20) ides SApelOd. SO WOLD ae caSawenten fee pil ae tones < 30,000 | + -0001 
I pee do. 2. hi. do. 1 to ad reek Se Wate; x. . ose oe - nn === 1,060} + -001 
15-| July. 6,1915 | 4.20p.m....-..... Settledisewagen ts. . o ee nce eno iain 58,000 | + -O1 
16" (ra GOR. cacao Clo iey Renenene 555, "TTORteG SEWASS. Sous ce cme oe ace ae a seer 30,000 | + .Ol1 
17 | July. 7,1915 }-11.30a. M......--: Settled sew. sera 8 2 Sok. Sa- os odin ae oe 180,000 | + -001 
TSA aecee GOS. s.ced\tne 0s: Pee ee TreateG Be WOGUES obo as ae eee erence 30; + -01 
19 | July -10,1915 | 10.30 a.m-.-....---. Water over sewer outlet......-.....---.--- 72} + 1.0 
20 | Aug. 10,1915 |..... do. fi. ....-.a-) Settled sewage -<...- sce me. cme a= = se oe 144,000 | + -001 
Detar see (i ( ipecwenet! Pome: fe ey ee Gee Treated SOWAECs ~ << 5... 2 2<0% Sasa die w= =o este 6,500 | + -O1 


A reasonable efficiency of treatment by this plant seems to depend 
principally upon the vigilance of the operator. One man has been 
detailed to visit the plant twice each day to make up “hypochlo- 
rite” solution and to see that things are working properly. Solu- 
tions are made up in two concrete tanks, 3 by 4 by 3 feet. One 
tank of solution is allowed to stand while the other is being dosed 
through a lead pipe to the effluent from the septic tank. The 
strength of the solution and continuous operation vary, of course, 
with the care of the operator, but frequent visits and analyses by 
representatives of the State board of health have insured a fair 
effluent at most times. The valve regulating the discharge of 
solution, which opens and closes with the varying sewage flow, 
clogs readily, and on several occasions it was found that no solution 
at all was feeding through it. Upon complaint of the State board 
of health an order was issued to the city to remodel the disinfection 
equipment. Steps are being taken to install a liquid chlorine plant 
to take the place of the “hypochlorite” arrangement, and in the 
meantime more frequent visits are being made to the plant by the 
operator. The proper disinfection of the Keyport sewage is extremely 
desirable for two reasons: First, the effluent is discharged ito 
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Raritan Bay at a point less than 14 miles away from the nearest 
oyster beds, and on ebb tide the effluent is carried out into the bay, 
passing directly over all the Keyport Bar beds; second, the point 
of discharge of the effluent is less than one-fourth mile from the 
mouth of Lupatcong Creek, where practically all the Keyport Bar 
oysters are floated before they are shipped, and it is possible that 
on flood tide sewage may be carried, in a very short time, from the 
point of discharge to the “drinking” ground. This will be discussed 
more fully further on in the report.! 

Matawan Creek.—Matawan Creek is a small tidal stream draining 
about 15 square miles of rather densely populated area. The town 
of Matawan,” the only city of considerable size on the area, has a 
waterworks plant and a few small factories. It has no public sewer 
system. The practice of sewering from private places to the creek 
without any sewage treatment is common, a recent inspection by 
the State board of health having disclosed 75 sources of pollution 
of the creek by wastes from human sources. It is estimated that 
between one-third and one-half of the total population of the city 
is tributary to private sewers, which discharge into Matawan Creek. 
This is also true of a considerable floating population, since the 
-hotels and railway station, used by several hundred persons a day 
during the summer season, are connected to sewers leading to the 
creek. The points of pollution are 14 to 24 miles from the mouth 
of the creek and 24 to 34 miles from the oyster beds. On ebb tide 
the polluting material, greatly diluted, is carried out toward these 
beds, and on flood tide some of it may be carried back up Lupatcong 
Creek, mentioned before, which discharges into a small bay just at 
the mouth of Matawan Creek. 


BACTERIOLOGICAL RESULTS. 


Fifty-eight samples of oysters were taken from Conaskonk Point, 
or Keyport Bar, for examination during our first inspection, from 
June to September. Of these— 

None gave a score of over 50; 2, or 3.4 per cent, gave a score of 50; 9, or 15.3 per 


cent, gave a score of 41 or more; 13, or 22.1 per cent, gave a score of 23 or more; and 
45, or 77.5 per cent, gave a score of less than 23. 


Of 56 samples of water taken over the beds— 

50, or 89.2 per cent, showed B. coli present in 10 c. c.; 31, or 55.3 per cent, showed 
B. coli present in 1c. c.; and 20, or 35 per cent, showed B. coli present in 0.1 c. c. 

All of the samples of oysters which scored 41 or more and nearly 
all of the samples of water which showed a high B. coli content 
were taken when there was high turbidity following rains. As is 
shown by the tables, the total count of both oysters and water 
jumped up immediately following the rains of August 1 and August 4. 


1 Page 31. 2 Population, 1910, 1,646, 
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Of 21 samples of oysters taken on the writer’s second inspection, only 
1 scored 14 and 2 as high as 5. Of 20 samples of water over the 
area, 19, or 95 per cent, showed B. coli present in 10 c¢. ¢.; 18, or 
65 per cent, in 1 c. c.; and 1, or 5 per cent, in 0.1 ¢.c. Of 7 samples 
of oysters taken on the*joint survey in June, 1916, 1 scored 32, one 
14, and the others 5 or less. The water samples showed 4 positive 
and 2 negative in 1 ¢. c.! 


CONCLUSIONS. 


On the basis of the sanitary survey and the bacteriological results 
obtained, it is the writer’s opinion that oysters when taken from Conas- 
konk Point or Keyport Bar are free from dangerous infectious pollu- 
tion even in the summer season and that bathing in the neighborhood 
of Keyport is asafe practice, provided that the sewage-disposal plant 
is efficiently operated and local pollution is prohibited. 


LUPATCONG CREEK. 


METHODS USED IN ‘‘DRINKING’’ OYSTERS IN LUPATCONG AND CHEESE- 
QUAKE CREEKS. 


Practically all oysters taken from Keyport Bar and a large number 
from other areas in Raritan Bay and elsewhere are freshened or 
‘‘drinked”’ for varying periods of time in either Cheesequake Creek 
or Lupatcong Creek before they are shipped. 

The method of ‘drinking’? oysters in Lupatcong Creek differs 
from that in the Maurice and Cohansey Rivers in southern New 
Jersey, in Cheesequake Creek, where the oysters are placed on 
open-slat floats supported by pontoons; and from that at Chinco- 
teague, Va., where there are tight inclosures into which land water 
and sea water are admitted in the desired proportions. Oysters 
are transferred from the beds or layings in the open water of Raritan 
Bay or elsewhere into Lupatcong Creek, where they are scattered 
over the bottom of the stream, allowed to remain in the less saline 
waters of the creek for one or more ebb tides, and then taken up 
and shipped either shucked or ‘‘in the shell.” 


SANITARY SURVEY OF LUPATCONG CREEK. 


A few years ago there were several sources of pollution along 
Lupatcong Creek, a small tidal stream which flows through the 
western part of the city of Keyport and has a drainage area of about 
3 square miles, but a vigorous campaign by the city officials, oyster- 
men, and State board of health has resulted in the removal of prac- 
tically all privies, stock pens, and drains from the creek. Storm 
sewers covering a portion of the city discharge street drainage to 


1 For details, see Tables F, G, and H (pp. 93, 94, and 97). 
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the creek either directly or indirectly, and it is thought by some 
persons that a few houses have toilets and sinks draining to these 
storm sewers. A close inspection of that entire portion of the 
city by Sanitary Engineer Haskins, of this service, a State board of 
health inspector, and the Mayor of Keyport on July 2 failed to 
establish any sources of pollution except two hog pens, one privy, 
and two sink drains along the entire creek. These were ordered 
removed by the State board of health shortly afterwards, and a 
subsequent inspection showed that the terms of the order had been 
carried out. Map No. 4 shows the location of the creek with respect 
to the city of Keyport, the location of the sewage-disposal plant, 
and the mouth of Matawan Creek. The location of the oyster 
houses and ‘‘drinking”’ grounds are also shown. 

Float experiments conducted by the New Jersey State Board 
of Health seemed to show that the effluent which is discharged to 
the bay from the sewage-disposal plant would not be carried over 
the “drinking” grounds in Lupatcong Creek on flood tide at the 
location shown on map No. 4, but would pass the creek mouth 
and flow up the much larger Matawan Creek. To confirm this, 
bottle floats were set out by us over the sewer outlet on several differ- 
ent occasions. With a strong wind blowing from the east, the 
floats all followed the line AB. With the wind from the west, 
however, of three floats set out at the beginning of flood tide on 
June 29 near the end of the Ellsworth oyster house pier, as shown at 
point C, two followed approximately the line CD but the third 
followed the line CE into the mouth of Lupatcong Creek. Floats 
set out during the joint survey in June, 1916, followed a similar 
course, some of them going into Lupatcong Creek. 

These results show that it is possible, under certain conditions, 
for the “drinking”’ grounds in the creek to be directly polluted by 
sewage from the city of Keyport, if extreme care is not exercised 
in the operation of the disposal plant. 


BACTERIOLOGICAL RESULTS. 


Tables I and J (pp. 98-100) show the results of the examination of 
62 samples of water from Lupatcong Creek taken on the first sur- 
vey. Excluding four samples the B. coli content of which was not 
obtained, of the remaining 58— 

B. coli was absent in 4, or 6.8 per cent, in 10 c. c.; present in 5, or 8.6 per cent, in 
10 c.c., but notin 1c. c.; present in 16, or 27.5 per cent, in 1 c.c., but notin0.1 ¢.c.: 


present in 32, or 55.1 per cent, in 0.1 c. c.; and present in 1, or 1.7 per cent, in 
0.01 c. ce. 


Or, in— 


54, or 93.1 per cent, B. coli was present in 10 c. c.; in 49, or 84.4 per cent, B. coli 
was present in 1 c. c.; in 33, or 56.8 per cent, B. coli was present in 0.1 c. c.; andin 
1, or 1.7 per cent, B. coli was present in 0.01 c. c. 
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Of 19 samples of oysters examined at the same time after they had 
been deposited on the bottom of Lupatcong Creek for one or more 
tides (see Table I), one had a score of 410; one a score of 230; 
two had scores of 140; five scored 50; one scored 41; three, 32; 
two, 23; and four, 14 or less. Or, 21 per cent had scores of 140 or 
more and 47.3 per cent scores of 50 or more. It should be noted, 
however, that all samples scoring over 50 were collected at a time 
when the turbidity was high, following heavy rains. 

During the second examination in November six samples of oysters 
floated in Lupatcong Creek for two to three days, with the tempera- 
ture of the water ranging from 6° to 8°, were examined. Of these, 
one scored 50; one, 41; one, 32; two, 23; and one, 5. 

Eleven more samples of water were taken on the joint survey in 
June, 1916. Of these, 4 were negative for B. coli in 1 c. c., 1 positive 
in 1c. c., 5 positive in 0.1, and 1 positive in 0.01. Four samples of 
floated oysters taken at the time scored 1, 140, 230, and 500, 
respectively. 


CONCLUSIONS. 


Lupatcong Creek will undoubtedly be subject to possible infectious 
pollution so long as the operation of the sewage-disposal plant at 
Keyport is not reliable and pollution is discharged from Matawan 
Creek. Unquestionably the floating of oysters in any creek which 
runs alongside or through a town is fraught with potential danger, 
and such a practice should be discouraged by those responsible for 
the health of the people. 


CHEESEQUAKE CREEK. 
SANITARY SURVEY. 


Cheesequake Creek is a tidal stream draining about 3 or 4 square 
miles of territory with an extremely small population. For a con- 
siderable distance on each side of the stream the land is flat and 
marshy, and, except near its mouth, there are practically no houses 
along its banks. This creek is utilized for “drinking” or floating 
many of the oysters taken from Raritan Bay and some from other 
localities. Near its mouth the creek is crossed by the New York & 
Long Branch Railway, by a public highway, and by a trolley line. 
Morgan is a small settlement near the mouth of the stream which is 
not inhabited to any extent except in thesummer. On the beach just 
at the mouth of the creek there is a tent colony during the summer, 
and a few hundred yards back from the creek there are a few cottages 
and restaurants. 

A close inspection of the creek on July 31 revealed two sources of 
pollution—one a toilet in a house overhanging the creek just west 
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of the railroad bridge, and the other an overhanging privy serving a 
small restaurant and a houseboat, also near the railroad bridge. 
Later both of these were ordered by the State board of health to be 
removed. The “drinking” grounds lie about one-half mile upstream 
from the settlement and extend for some distance along the creek. 
In the neighborhood of these grounds there is not a habitation of any 
kind. The mouth of the creek is located about 24 miles south of the 
sewer outlet of South Amboy and 31 miles northwest of the sewer 
outlet of Keyport. It is clear away from the direction of flow of 
any polluting stream or current. 

Large quantities of stable manure are carried on barges from the 
ity to a landing about a mile or more above the mouth of the creek 
and above the floating grounds for oysters. Large piles of this 
manure are seen on the fields near by, rotting and being prepared for 
use as fertilizer. 

BACTERIOLOGICAL RESULTS." 


Of the four samples of oysters taken during our first examination 
of Cheesequake Creek only one scored as high as 14 after having been 
oated therein. During the reexamination of June, 1916, two more 
samples of floated oysters were taken, one of which scored 23 and 
the other 3. Of the 10 samples of water taken during 1915, all 
showed B. colt present in 1 c. c., but in no smaller quantities, while 
of the 14 samples taken in June, 1916, one sample showed B. coli 
present in one-tenth c. c., but no smaller quantities, and six showed 
the organism absent in the same quantity. The comparatively high 
colon score obtained was undoubtedly due to the traffic in manure 
already described, and such colon findings are without sanitary 
significance from a public-health standpoint. 


CONCLUSIONS. 


In the absence of any source of pollution from human sources and 
the known presence of stable manure, it is our opinion that from a 
sanitary standpoint this creek is a safe and good one for the purpose 
of floating shellfish. It is possible, however, that oysters shipped 
therefrom might sometimes show high hauteridliwicn! scores, which, 
in the absence of knowledge as to cher source, might result ‘a nee 
condemnation under the present system of inspection and condem- 
ation of shellfish by food authorities. In fact, this creek serves 
as a good example of the futility of endeavoring to establish the 
anitary safety of shellfish by laboratory methods alone. 

It may be stated here that, following the results obtained by the 
ublic Health Service, the State of New Jersey, the Bureau of Chem- 


1See Table K (p. 102). 
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istry, and the city of New Yorkin June, 1916, it was determined by the 
City Health Department of New York to prohibit the shipment into the 
city of oysters floated in this creek; while a former decision pro- 
hibiting the importation of oysters from Keyport Bar was reversed. 
It was the unanimous decision of all parties interested that the floating 
of oysters in Lupatcong Creek was unsafe. 


OTHER CREEKS ON THE SOUTH SHORE OF RARITAN BAY. 


It is asserted by the oyster growers and others interested in the 
shellfish industry on the south shore of Lower New York Bay that 
the shellfish grown in that vicinity are not marketable without first 
being floated for the purpose of cleansing the oysters from sand, and, 
incidentally, giving them the appearance of being fattened. 

In view of the decision of the Bureau of Chemistry and the city 
authorities of New York to forbid the shipment of oysters floated in 
Lupatcong or Cheesequake Creeks, a preliminary survey was made by 
the writer, in cooperation with representatives of the State Depart- 
ment of Health of New Jersey, of all of the creeks on the south shore 
which seemed suitable, with a view to finding if possible some creek 
free from dangerous pollution. 


“WHALE CREEK. 


Whale Creek is a small estuary about half a mile west from 
Matawan Point at the entrance to Matawan Creek. The bacterio- 
logical findings varied from B. coli present in 0.1 ¢. ¢. in two samples 
and present in 1 c. c. in three samples near the mouth of the creek, to 
B. coli absent in 1 ¢. ¢. quantities in four samples in the upper part of 
the creek. The sanitary survey indigated that the creek is not to be 
_ recommended for the floating of shellfish because there is at least po- 
tential danger of infection incident to the more or less uncontrollable 
population upon its watershed; further, the fresh water is almost en- 
tirely surface drainage, varying greatly from time to time in character 
and pollution, usually carrying considerable clay. The creek is other- 
wise unsuitable for floating purposes. 


CONASKONK CREEK. 


This creek empties into Raritan Bay about halfway between Key- 
port and Conaskonk Point. Of twelve samples of water taken at 
intervals from a pond at the head of the creek, all of the samples 
showed B. colt present in 1 ¢. ¢., 10 of the samples showed its pres- 
ence in 0.1 ¢. c., and two of the samples showed the organism present 
in 0.01 ¢.¢. This creek is not recommended for floating of shellfish, 
as the sanitary survey shows that its head waters are liable to pollu- 
tion consequent upon close proximity to human habitations in the 
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easterly end of Keyport; furthermore, it is not suitable for such a 
purpose because of its narrowness and the bar in front of its mouth. 


FLAT CREEK. 


This creek discharges into the bight between Conaskonk Point and 
Point Comfort. Of the ten samples of water taken in this creek at 
various stages of the tide, all but three showed JB. coli present in 0.1 
c.c. The sanitary survey of the creek would seem to indicate that 
it could be made suitable for the floating of shellfish by the elimination 
of several easily corrected sources of pollution. <A pigsty was found 
located upon the edge of the steep bank of a fresh-water pond at the 
head of the creek, the pollution from which could affect the bacterio- 
logical findings at ebb tide. Near its mouth there is a small stream 
which empties into the bay, the waters of which showed B. coli 
present in 0.01 ¢. ¢. This latter creek receives some pollution from 
a brickyard. 


SOUTH SHORE OF LOWER NEW YORK BAY. 


An inspection of the south and west shore of the Lower Bay was 
made, but no pollutions were discovered beyond those already men- 
tioned. From Keyport east to Atlantic Highlands there are no 
communities of importance other than the beach resort at Keansburg. 
No sewers enter the bay at this point. At Atlantic Highlands! the 
city sewer system, with about 500 connections, discharges approxi- 
mately 50,000 gallons of sewage daily directly into Sandy Hook Bay 
within less than a mile of extensive clamming areas. This city was 
ordered by the State board of health to construct a sewage disposal 
plant a few years ago, but to date nothing has been done. There 
are a few isolated connections to Many Mind Creek, and there are 
toulets at the end of the pier of the Central Railroad of New Jersey 
serving only 30 or 40 employees. A great deal of complaint has been 
made about the discharge of sewage and garbage from excursion 
steamers entering here, but it is probable that the total quantity 
from this source is negligible compared to the sewage from the city 
and the great dilution afforded by the bay. The taking of clams 
from the foreshore and vicinity of the above outfalls and the bathing 
in such waters are certainly not safe, and should be prohibited. 


1 Winter population, 1910, 1,645; summer population, estimated, 5,000. 
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SHREWSBURY AND NAVESINK RIVERS.' 
SANITARY SURVEY. 
SHREWSBURY RIVER. 


The Shrewsbury River rises near Long Branch, N. J., and flows 
northeasterly to Rumson, where it joins the Navesink. It is a tidal 
stream, with a drainage area of about 29 square miles. The sewage 
from Long Branch, the largest city on the watershed, is discharged 
directly into the sea. There are a great many private sewers and 
other sources of pollution which discharge into the various branches 
or tidal bays of the river, but public sewers of only two municipali- 
ties discharge into the stream. Seabright, with a winter population 
of 1,220 in 1910 and a summer population of several thousand, has a 
system of sewers discharging into the river at the foot of practically 
every street, in addition to which there are several private sewers. 
None of the sewage is treated. 

Rumson, across the Shrewsbury River from Seabright, has a sys- 
tem of sewers, with a disposal system which consists of sedimentation 
tanks and hypochlorite of lime disinfection. There are several sewers 
from residences in the immediate neighborhood of the sewage dis- 
posal plant discharging sewage into the river without treatment. It 
is estimated that the flow from the city sewers amounts to about 
50,000 gallons per day. It was impossible to obtain an estimate of 
the flow or number of connections to the sewer system at Seabright. 
Monmouth Beach has under construction a system of storm sewers 
discharging into the river near Pleasure Bay. It was stated by sey- 
eral persons that there are many house connections to this system, 
and the appearance of the effluent bore out these statements. The 
practice of constructing private sewers to the river seems to be gen- 
erally followed where convenient. 


NAVESINK RIVER. 


Navesink River rises near Freehold and flows northeasterly about 
17 miles to Sandy Hook Bay. It is joined at Rumson by the Shrews- 
bury River. It has a drainage area of about 95 square miles, and 
an average fresh-water flow of about 98,850,000 gallons per day, not 
including the discharge of the Shrewsbury. The river is.tidal to 
Red Bank (for about 7 miles). The drainage area is quite populous, 
but the city of Red Bank? is the only place discharging sewage into 
the river. Red Bank has about 8 miles of sanitary sewers, with a 


1See Map No. 5. 2 Population, 1910, 7,398. 
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flow of about 300,000 gallons per day. It is estimated that about 
60 per cent of the population of the city is connected with the sys- 
tem. The sewage flows to a disposal plant, consisting of: grit cham- 
bers, septic tank, and hypochlorite of lime disinfection, before being 
discharged into the river, near the head of tidewater. An attendant 
with no other duties is provided for this plant, which seems to be 
quite well operated. 

Results of analyses of treated sewage made by the New Jersey 
State board of health, along with bacteriological examinations of 
the raw and treated sewage made by the Public Health Service party 
are shown in the following table: 


TaBLE No. 5.—Red Bank sewage. 


B. coli Hypo- 
Date. per c.c. | chlorite. 


e p. p.m. 
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Oysters are found in the Navesink River as far up as the sewage 
disposal plant, but the most of them are a few miles down the stream. 
In order to determine whether or not sewage from the disposal plant. 
would be carried as far as the main beds in one ebb tide, a float was 
started opposite the disposal plant at high tide July 8, at 6.25 a. m. 
A light breeze was blowing from the south. At 8 a. m. this float 
was blown to the north shore and was reset in the main channel oppo- 
site the yacht club. At 12.30 the wind was blowing hard from the 
south and the float was again blown to the shore 2 miles downstream 
from the starting point. If time were taken out for that lost in taking 
up and resetting the float at 8 o’clock and that lost in finding it at 
noon, it is believed the rate of actual travel would have been sufh- 
cient to carry it to Fairhaven. On a normal day there is little 
‘ doubt but that the effluent from the Red Bank disposal system 
would be carried over the entire shellfish area between the pomt 
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of discharge and the junction of the river with the Shrewsbury. 
This float test is shown on the map of this area.! 

A close inspection of both shores of the Navesink disclosed two 
private sewers reaching the river from residences in Red Bank and 
one along the shore from Red Bank to Rumson. Two overhanging 
privies were found in the same area. From Seabright to Highlands 
there were four sewers from residences. At Highlands on both 
sides of the stream, as well as from many houses on the west shore, 
sewers from the restaurants and hotels were discharging directly to 
the river. At this point many house boats and small yachts anchor 
during the summer season, and there is undoubtedly a great amount 
of pollution from that source. The population reaches several 
thousand durmg the summer season at this resort, and it appeared 
that the greater part of the sewage was discharged in the vicinity 
of the ‘‘inside” bathing beaches. While there are no shellfish in 
the immediate vicinity, the danger from this source to clams in Sandy 
Hook Bay and shellfish in both Shrewsbury and Navesink River 
must eventually be of an appreciable magnitude. Below High- 
lands a septic tank serving 40 or 50 persons at Waterwitch dis- 
charges a particularly offensive effluent into an arm of Sandy Hook 
Bay. From this point to Atlantic Highlands no sources of pollution 
were found. 

BACTERIOLOGICAL EXAMINATIONS 


A number of samples of oysters and water were taken over the 
shellfish areas in both streams. 
Of 21 samples of oysters taken from the beds of Navesink Riyer— 


2, or 9.5 per cent, scored 32; 3, or 14.3 per cent, scored 23, 
and none of the remainder scored over 5. 


a 


Of the same number of water samples, 19 of which were taken 
with the oysters— | 

All showed B. coli present in 10 c. c. 

13, or 61.9 per cent, showed B. coli present in 1 c. c.; 3, or 14.3 per cent, showed 
B. coli present in 0.1 c. c. 

In the Shrewsbury River four samples of oysters and clams were 
taken in Pleasure Bay, along with the same number of samples of 
water. The oysters gave scores of 23 and 14, while each of the clams 
scored 2. Of the four water samples— 

All, or 100 per cent, showed B. coli present in 10 c. c.; 3, or 75 per cent, showed 
B. coli present in 1 c. c.; 1, or 25 per cent, showed B. coli present in 0.1 c. c. 

A sample of oysters from Little Silver Creek scored only 3, with the 
water positive for B. coli in 1 ¢. ¢. 

Oysters from Blackberry Creek scored 2, and the water showed 
B. coli present in 10 ¢. ¢. 


1 Map No. 5. 
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A sample of clams from near Gunning Island scored 3, with the 
water positive for B. coli in 10 e.e. 

Results of examinations of Navesink and Shrewsbury Rivers are 
shown in Tables L and M (pp. 103 and 104). 


CONCLUSIONS. 


Under winter conditions, when there are few boats on the Nave- 
sink River and there is no summer population near the mouth of 
the stream at Highlands, there will be little danger of pollution of 
the shellfish beds from about Guyon Point down toward Oceanic, 
and it is believed that the oysters and clams from this vicinity will 
be safe, provided that the disposal plant at Red Bank is efficiently 
operated. 

During the summer the number of persons who contribute pollu- 
’ tion from boats and directly from the shores is so large that it is 
believed that shellfish from this area should not be used raw. 

Bathmg in the waters adjacent to the inlet and at the inside 
bathing beaches near Highlands must under existing conditions be 
considered unsafe as well.as uncleanly. 

There are few oysters in the Shrewsbury River and the dilution is 
enormous. It is evident, however, that shellfish from the south bank 
and Pleasure Bay are subject to pollution and should not be used for 
food. The small areas around Blackberry and Little Silver Creeks 
appear to be free from danger of serious pollution. Clams from near 
the mouth of the river and from around Gunning and Sedge Islands 
are subject to pollution from Seabright and are unsafe, more par- 
ticularly during the summer season. 


SANITARY CONDITIONS IN RARITAN BAY AS A WHOLE, 


It is evident from the sanitary survey and from the bacteriological 
results obtained that no part of this bay can be considered entirely 
unpolluted. There is, however, in the light of present knowledge, no 
reasonable evidence which would justify at present the condemnation 
of all shellfish-bearing areas in the bay; though it should be borne in 
mind that the amount of pollution is being constantly augmented as 
the result of the growth of the present contributing communities and 
that it will probably be enormously increased when the Passaic 
Valley sewer is completed. 

The tidal and current studies have shown that the time factor, or 
interval between discharge of sewage and its arrival over the oyster 
beds, is not great. Therefore dilution, which is very great in some 
sections of the bay, must be regarded as the most important deter- 
mining factor of safety. 

The pollution in the bay is chiefly urban in origin, hence in large 
part from human sources, and therefore potentially dangerous. 


~ 
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Decision as to the sanitary safeness of any section of the bay there- 
fore must be based upon the amount of pollution present as meas- 
ured by the B. colt content, together with proximity of such section 
to possible sources of intermittent infectious pollution. 

Shellfish from foreshores, particularly in the immediate vicinity 
of sewer outfalls, or even of communities without sewers, are gener- 
ally to be condemned as raw food. Such localities, even where 
repeated examinations fail to show large amounts of pollution, may 
be subject to sudden, intermittent, and dangerous infectious pollu- 
tion, and to such infections have been traced most of the typhoid 
fever outbreaks consequent upon eating infected shellfish. 

Areas in open waters away from such dangers, away from the 
channel drift from New York and other sources of pollution are dif- 
ferent from the above; in some of them the amount of pollution is 
small and its character fairly constant. After thorough study over 
a considerable period of time both these factors can be predicted. 
The evidence pointing to infectious disease being carried by shellfish 
from these latter areas is at least indefinite. Inasmuch as purifica- 
tion of oysters by the use of hypochlorite of lime, or chlorin, however, 
has been shown by the Service after experimentation at Fisherman’s 
Island,’ to be possible and to be of practical value in Jamaica Bay, it 
is believed particularly applicable to shellfish from most of the sec- 
tions of Raritan Bay and is recommended for adoption. 

While our observations at Fisherman’s Island and elsewhere, and 
those of other investigators, have shown conclusively that oysters 
admit some water even during so-called hibernation periods, never- 
theless their activity during such period is lessened, the quantity of 
water taken in is greatly decreased, and hence there is diminished 
danger of infection even though the water contain pollution. There 
are oyster-bearing areas, therefore, the shellfish from which are unfit 
for use as raw food during warm seasons when active feeding results 
in the accumulation of organic matter, including bacteria, both 
within the oyster and in its liquor, but from such areas oysters may 
be eaten with impunity during hibernation. We do not believe, 
however, that oysters from all polluted beds are safe during such 
periods even if bacteriological results therefrom fail to show heavy 
pollution; there is, in our opinion, potential danger at all times in 
oysters from grossly polluted waters and in those from localities 
liable to pollution perhaps small in amount but recent and infectious 
in character. | 

Before areas are declared safe because of hibernation, the fact of 
its existence should be determined by actual observation. The 
opening of such areas by date instead of observation of existing 
temperatures would be unsafe. 


1See Wells, Reprint 351 from Public Health Reports. 


ATLANTIC COAST OF NEW JERSEY.! 


Almost the entire coast of New Jersey from Sandy Hook to Cape 
May consists of narrow, low-lying, sandy islands or beaches, sepa- 
rated from the mainland by wide areas of marshes and by shallow 
bays or sounds connected with each other by intricate and tortuous 
thoroughfares, and with the Atlantic Ocean by inlets which break 
through the beach at irregular intervals. 

The whole beach is occupied by a succession of seaside resorts, 
which vary in size from such a great community as Atlantic City to 
small groups of summer cottages. ‘Since the principal attraction of 
these resorts is the ocean beach, the almost universal custom is to 
discharge sewage and other wastes into the thoroughfares or bays. 

There are few rivers of large size which discharge into these waters, 
and the salinity of the water is such that conditions are extremely 
favorable for the growth of oysters and other shellfish—especially 
the hard clam, or quahog, and soft clam. Notwithstanding this, 
however, the oyster industry on this coast has apparently declined in 
recent years, and many areas formerly occupied were found barren 
and abandoned. 


FROM CAPE MAY TO ATLANTIC CITY. 
COLD SPRING HARBOR. 


Proceeding up the coast from Cape May, the southern extremity of 
New Jersey, the first body of water encountered is Cold Spring Harbor. 
The only community of any size in this neighborhood is Cape May 
City, which is a summer resort with a winter population of 2,471 and 
a summer population of about 12,000. Formerly the sewage from a 
part of the city was discharged into Cape Island Creek, which is a 
tributary of Cold Spring Harbor; but recently extensive additions to 
the city have been laid out, which are furnished with a complete 
sewerage system. While about 65 per cent of the sewage from the 
entire city is collected at one point and pumped into Delaware Bay 
near the Bay Shore Life Saving Station, the remainig 35 per cent 
still goes untreated into Cape Island Creek. There are no records, but 
it is estimated by the city engineer that about 95 per cent of the houses 
are connected to the sewerage system. 

Cold Spring Harbor has recently been dredged and the oyster 
beds appear to have been destroyed. At present there are few 
oysters or clams taken from it. Oysters known as ‘‘Cape May 
Salts” are unfreshened oysters from any of the near-by waters. 


1 See Tables N, O, and P, (pp. 105, 107. and 108). 
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JARVIS SOUND. 


Jarvis Sound is just north of Cold Spring Harbor, with which it is 
connected by a part of the inland waterway. Formerly the seat of 
an important oyster industry, the beds now appear to be abandoned 
and covered with ‘‘sea cabbage.’”? Samples of water showed no evi- 
dence of pollution, and there are no sources of pollution nearby. 


TAYLOR SOUND. 


Taylor Sound is a smaller shallow area lying northwest of Jarvis 
Sound and nearly opposite Turtle Gut Inlet, which opens to the ocean. 
There are rather extensive private beds in this sound, and the sanitary 
survey and examinations of oysters and water showed no danger 
from pollution. A sample of oysters in this area scored 2. One sam- 
ple of clams taken in Swan Channel, a part of the inland waterway 
which connects Taylor Sound with the inlet, scored 1. 


VICINITY OF FIVE MILE BEACH. 


Just north of Turtle Gut Inlet and between this inlet and Hereford 
Inlet is an island known as “‘ Five Mile Beach,”’ on which are the resorts 
known as Wildwood Crest, Holly Beach, Wildwood, North Wildwood, 
and Anglesea. These towns form one continuous community which 
occupies practically the whole beach. . The total winter population in 
1910 was 3,735, but there has been a rapid increase in the permanent 
population, which now approximates 8,000. 

This is the most popular summer resort for transients south of 
Atlantic City, the number of excursionists having been as high as 
70,000 in a single day. These communities all have complete sewer- 
age systems, with several separate outlets into Post Creek, Grassy 
Sound, and Beach Thoroughfare. It is estimated that there are about 
4,300 sewer connections. At present none of the sewage is treated, 
but several disposal systems are under consideration. 

About 25 or 30 houses along Post Creek and Grassy Sound Channel 
have overhanging privies. There is asmall private oyster bed within 
a few hundred feet of the large sewer outlet under the wagon bridge 
at’ Wildwood, and the State health department has very wisely 
ordered that it be no longer used. Oysters from this bed are liable to 
dangerous pollution. 

Of 10 samples of water taken by us in Grassy Sound Channel all 
gave B. coli, confirmed, inle.c.,and7in0.1c¢.c. Of 10samples taken 
Bi Crasay Souttd: 7 gave B. coli in Le.c.,4in0.1¢.¢., and 1in0.01¢.¢. 
It was not boflitidrod necessary to sdeuits saitiplos in Post Creek, 
which is clearly heavily polluted. 

Conclusions.—In view of the large amount of untreated sewage dis- 
charged into Grassy Sound Channel and Grassy Sound, .the shellfish 
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areas in this vicinity are unsafe. Few shellfish are shipped from the 
areas, but large quantities are consumed. by visitors who come from 
all parts of the country. The conditions are worse in the summer 
because of both the increased quantity of ore and the increased 
physiological activities of shellfish. 


RICHARDSON BAY. 


Richardson Bay is a shallow body of water connected with Turtle 
Gut Inlet by Richardson Channel and with Grassy Sound Channel by 
several narrow guts. There are no sources of pollution in this neigh- 
borhood and no oysters were found. Clams are taken from this 
locality in considerable quantities. 


JENKINS SOUND. 


Jenkins Sound lies opposite Hereford Inlet and receives water 
through several channels. A sample of oysters from this area scored 
2. Of 10 samples of water, all were negative for B. colt in 1 c. ¢., the 
largest quantity planted. ‘There are considerable quantities of shell- 
fish shipped from this sound, which is free from pollution. 


GREAT SOUND AND VICINITY. 


Great Sound is a large shallow body of water opening into Hereford 
Inlet through Great Channel, the opening being about 3 miles above 
Stone Harbor. 

Stites Sound and Townsend Sound are connected with the ocean by 
South Channel and Main Channel, which open into Townsend Inlet. 
All of these bodies of water are free from dangerous pollution. 

The principal sources of pollution are Stone Harbor, Peermont, and 
Avalon, resorts on the beach between Hereford Inlet to the south and 


’ Townsend Inlet to the north. 


Stone Harbor has a permanent population of 1,200, which is much 
augmented during the summer by cottagers. There is a complete 
sewerage system, owned by a corporation, to which there are con- 
nected 375 houses, practically all on the town site. The sewage is 
treated in two plants by sedimentation and disinfection with hypo- 
chlorite of lime before being discharged into Great Channel, which 
leads from Hereford Inlet to Great Sound. The disposal plants are 
efficiently operated. 

Avalon and Peermont form one community of about 300 winter 
and 1,500 summer population. There are about 250 connections to 
the sewer system from Avalon and Peermont. There are about 20 
houses not so connected. 

Sewage from the public system enters Ingram Thoroughfare through 
several outlets, but a disposal plant now under construction is designed 
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to treat this sewage by sedimentation and disinfection before final dis- 
charge into the thoroughfare. 


LUDLAM BAY AND VICINITY. 


Townsend Inlet, Sea Isle City, Whale Beach, and Corson Inlet are 
small resorts on Ludlam Beach, which extends from Townsend Inlet 
to Corson Inlet, east of Ludlam Bay, and tributary thoroughfares. 

Sea Isle City has a permanent population of 550 and a summer 
population of 5,000 to 6,000. The city is completely sewered, with 
350 connections. The sewage is discharged untreated into Ludlam 
Thoroughfare and Bay. A disposal plant designed to treat the sewage 
by sedimentation and disinfection by hypochlorite of lime was con- 
structed by the city about two years ago, but on account of litigation 
concerning ownership, it is not in use. Houses at Whale Beach and 
Corson Inlet are equipped with cesspools. 

There are said to be no oysters in Ludlam Bay, which lies west of 
Sea Isle City and is connected with the ocean by Main Channel and 
Corson Inlet. Shellfish from the area will be unsafe so long as the 
sewage of Sea Island City is untreated. 


VICINITY OF PECK BEACH. 


Peck Beach has the Atlantic Ocean on the east, Great Egg Harbor 
on the west, and Great Egg Inlet, connecting the latter two, on the 
north. 

Ocean City is a large resort on the north end of the beach with a 
winter population of 2,000 and a summer population at times approxi- 
mating 30,000. There is a complete sewerage system with 1,800 con- 
nections and a disposal plant which consists of a septic tank and dis- 
infection with hypochlorite of lime. The effluent is discharged into 
Great Egg Harbor near the inlet. There are clam beds in the imme- 
diate vicinity of the disposal plant outfall and men were observed 
clamming there. Despite the dilution and the previous treatment of 
the sewage, the taking of clams from the immediate vicinity of the 
outfall should be prohibited. The Annual Report of the State Board 
of Health of New Jersey for 1910 (p. 128) contains the account of 
an investigation of an outbreak of typhoid fever apparently due to 
the ingestion of raw clams taken from the vicinity of a sewer in Ocean 
City. 

Somers Point is a community on Great Egg Harbor on the main- 
land opposite Ocean City. There are no sewers except one or two 
from private places. 

The shellfish industry here is an important one. Clams are shipped 
by one dealer who stores them in a pen without ‘‘drinking.” Large 
quantities of oysters are grown in the southwestern section of the 


1 See Appendix III, p. 143, 
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harbor and carried to English Creek, where the water is of less salinity, 
to be shipped at once or after ‘‘drinking.”’ 

There are no houses on or near English Creek and sanitary condi- 
tions are excellent both there and over the oyster beds. 


VICINITY OF ATLANTIC CITY. 


Between Great Egg Inlet on the south and Absecon Inlet to the 
north lies an island or section of ‘‘The Beach” about 8 miles long, on 
which is the greatest seaside resort in America. Beach Thoroughfare, 
that portion of the inland waterway which separates this island from 
the mainland marshes, connects Great Egg Inlet and Absecon Inlet. 
Longport, Margate City, Ventnor, and Atlantie City are four munici- 
palities which together are generally included under the one name, 
Atlantic City. 

The combined permanent population of this community exceeds 
50,000, while the transient population at times augments this number 
to 300,000 or even more. 

Longport borough, on Great Egg Inlet, Risley Channel, and the 
ocean, has a complete sewerage system to which every house in the 
town is connected. There are two disposal plants for sedimentation 
and treatment with hypochlorite of lime, the final effluent being dis- 
charged into Risley Channel. 

Margate City, immediately to the north, also has complete connec- 
tions to a sewerage system with two plants similar to those of Long- 
port, the effluents from which are discharged into Beach Thorough- 
fare. 

Ventnor, between Margate and Atlantic City, has a complete sewer 
system with about 907 connections. The sewage was formerly 
treated in two small plants similar to those previously described, the 
effluent having been discharged into the ‘‘Inside Thoroughfare.”’ 
There is now being constructed on the marsh of Beach Thoroughfare, 
about 2 miles from the city, a disposal plant, which consists of 
coarse screens, Imhoff tanks, liquid chlorine disinfection apparatus 
and tidal storage chambers. — 

Atlantic City has a complete sewerage system owned by a private 
corporation and practically every house, about 7,000, is connected 
with the 70 miles of sewers. The sewage from the main section of 
the city flows to a storage basin at Baltic Avenue, from which it is 
pumped untreated to Beach Thoroughfare, about 3 miles from 
Absecon. Inlet. 

A disposal plant in which the sewage is to pass through three sets 
of screens, the openings ranging from 4 to 7 of an inch, and be 
treated with liquid chlorine, is under construction. 

That small district of Atlantic City known as Chelsea is served by 
a disposal plant which consists of equipment for sedimentation and 
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disinfection with hypochlorite of lime, the effluent being discharged 
into the “Inside Thoroughfare,’’ a narrow blind waterway which 
runs, a few squares behind the ocean beach, from Margate, about 4 
miles southward to Beach Thoroughfare, behind Atlantic City; this 
waterway is only 200 to 300 feet wide and many houses overhang the 
bank of the stream on the side next to the city. A mile below its 
head Ventnor Channel stretches at a right _ to Beach Thorough- 
fare, near Lake Bay. 

Besides the waterways described there are many other tortuous 
creeks and ‘‘guts’’ in the marshes behind Atlantic City. 

There appear to be few if any oysters growing within this area, 
which, however, seems to be very prolific of clams, both hard send 
soft; and during the summer season many are he tee from the area 
for local consumption, as well as for fish bait. 

The State department of health, as a result of an examination of 
shellfish and water from this area, has defined limits within which 
‘‘the taking of oysters, clams and other shellfish from these waters 
or having in possession with intent to distribute or sell them” is pro- 
hibited. 

Dr. Guion, for years the city health officer of Atlantic City, reported 
(Proceedings Thirtieth Annual Meeting of the New Jersey Sanitary 
Association) that in 1903 there were 75,500 bushels of oysters and 
3,820,000 clams consumed in Atlantic City. There were 20,000 
bushels of oysters and 5,240,000 clams shipped to other points. 
Most of this product was brought in by boat from local waters within 
a radius of 10 miles; 87,000 bushels of oysters and 8,915,000 clams 
having been thus obtained, The remainder of the total yearly traffic 
was eapped in by rail, and 60 per cent of the oysters and 70 per cent 
of the clams are handled in the seven warm months of the year. He 
states: ‘‘The original source of these oysters are unpolluted; 25,000 
bushels come from Eagle and Grassy Bays, 14,000 bushels from 
Absecon and Lake Bays, and 53,000 bushels from Great Bay.”’ 

The prohibited area is: Beach Thoroughfare from its mouth at 
Absecon Inlet to the Boulevard Bridge; Great Thoroughfare to the 
Boulevard Bridge over that water; all of ‘‘Inside Thoroughfare ;” 
all of Ventnor Canal; all of Clam Creek and its tributaries; and all 
of Clam Thoroughfare. Asa result of the Public Health Service in- 
vestigation the action of the State department is thoroughly ap- 
proved and the location of the limits are believed to have been judi- 
ciously selected. In one or two instances during this investigation 
men were found taking clams which they asserted were to be used as 
bait. It is believed that some clams are still taken and sold for 
food, but the quantity is probably small. 

The importance of eliminating every factor in the spread of infec- 
tious diseases is obvious, in addition to which the enormous amount 
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of money invested in hotels and boarding houses in Atlantic City 1s 
so much greater than the value of the shellfish industry that the latter _ 
hardly need be considered, and there is every reason to hope that ener- 
getic police measures will be continued toward eliminating the dan- 
ger of infectious disease through the taking of shellfish from this area. 
Several years ago a small outbreak of typhoid fever occurred which 
was thought to have been caused by eating shellfish from the heavily 
polluted waters near the sewer outfall. This outbreak was investi- 
gated by Snow, Guion, and others and a comprehensive report made. 


LAKE BAY. 


Lake Bay is a body of water about 3 miles inland from Atlantic 
City. To the northeast it receives Great Thoroughfare, which is 
about 3 miles long, and joins Beach Thoroughfare behind Atlantic 
City. To the southeast Beach Thoroughfare is merged into Lake 
Bay by an area known as Shelter Bay. Most of the tidal flow is by 
way of Beach Thoroughfare and Risley Channel to Great Egg Inlet. 

Pleasantville is a town with 4,390 population on the mainland or 
west side of Lake Bay. The town has no sewers. The shellfish 
industry is a large one, engaging about 150 persons. It is believed 
that no sewage from Atlantic City ever reaches this water and a sam- 
ple of oyster taken from beds nearest Great Thoroughfare and Vent- 
nor Canal gave a score of only 1. Of 5 samples of water taken in the 
open area, all were negative for B. coli in 1 ¢. ¢., the largest quantity 
tested. 

A large part of the oyster industry consists in removing the 
shellfish from their layings to long artificial ditches which have 
been dug up into marshy areas adjoining Pleasantville. The salinity 
of the tidal water in these drains is considerably reduced on ebb tide 
by the fresh water which seeps from the marshes and from small 
streams or ditches which extend a half mile or so inland. Oysters 
are left on platforms on the bottoms, covered by sheds, for one or 
more tides for the purpose of cleansing and “drinking,” during 
which process their bulk is increased and salinity lessened. All oys- 
ters are shipped in the shell and the market extends to many inland 
cities of Pennsylvania. Three of these creeks were being used at the 
time of this inspection. One sample of oysters was taken from each 
“ drinking”’ place—one of which gave a score of 4, and the others 0. 

Of 15 water samples 9 were positive in 1 c. c. and 4 in 0.1 ¢. ¢. 
Within 25 or 30 feet from the eastern or Mathis oyster house there 
was an open-surface privy, which constitutes a constant menace to 
oysters floated in the near-by ditch. In addition to this menace it is 
believed that drainage from a large steam laundry enters the stream. 
This ditch will be a constant danger, and proper authority should 
cause the immediate removal of the privy. Attention of the State 
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board of health was directed to the condition. The other ditches and 
houses were in good sanitary condition. 

A sewer carrying the waste water only from the Risley Laundry 
empties into a creek, about one-half mile from Lake Bay, the creek 
discharging within a few hundred feet from the oyster afea. It was 
stated at the laundry that no sanitary sewage reached this drain, 
the employees using a sanitary toilet provided for them. 


ABOVE LAKE BAY. 
ABSECON BAY. 


Absecon Bay les north of Lake Bay and is connected with the 
ocean by Main Channel and Absecon Inlet. A small creek called 
Absecon Creek, fed by springs and by surplus water from the Atlantic 
City Water Works near by, enters the bay from the west. Along the 
creek lies the village of Absecon; below, along the marshy bank of the 
creek, are four or five oyster shipping houses, in front of each of which 
are one or more oyster floats, in which oysters from the layings in 
the bay are kept for “drinking” and convenience in shipping. 

A close inspection of the creek revealed no source of pollution of 
any sort except a storm sewer draining a portion of the village streets, 
and an open, dirty, surface privy within 25 feet of the lowest oyster 
house. 

Of 10 samples of water taken in the creek only one was positive 
Peet. col, in 1 ¢, ©. 

Of three samples of oysters taken from the floats one gave a score 
of 0, one a score of 1, and one a score of 2. Two samples taken from 
the bay gave scores of 0 and 2, respectively. The attention of the 
State board of health was directed to the privy. 


GREAT BAY. 


Great Bay is a shallow body of water about 34 miles in diameter, 
lying north of Absecon and west of Little Egg Inlet, by which it is 
connected with the ocean. It has a depth of from 4 to 13 feet. 
There are no communities on the bay. Mullica River empties into the 
western end of Great Bay. This river is three-fourths mile wide at its 
mouth and one-third mile wide 6 miles above. Extensive seed beds 
are found near its mouth. There are no sources of considerable pollu- 
tion on either the bay or river. 


LITTLE EGG HARBOoR.! 


Little Egg Harbor is located east of Tuckerton and is bounded on 
the ocean side by Long Beach; it is connected with Great Bay and 
extends north to Manahawken Bay. 


1 See Table O, (p. 107). 
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Beach Haven Borough is a summer resort with a normal popula- 
tion of 272. The community has recently installed a sewage-disposal 
system, the effluent from which is discharged into the ocean. Sev- 
eral restaurants and hotels not connected therewith are said to dis- 
charge sewage into the bay. This resort is closed during the winter 
season. 

The only other communities on the bay are Tuckerton and West 
Creek, the latter being a hamlet without sewerage system. 

Tuckerton is a borough with a population (1910) of 1,868, and has 
a considerable trade-in oysters, clams, and fish. Oyster beds are 
located along the eastern shore of Little Egg Harbor north of Tucker- 
ton Creek, in the thoroughfares connecting Great Bay with Little 
Egg Harbor, and in the vicinity of Beach Haven. 

This area was inspected by the Public Health Service during cold 
weather, but it is stated that during the summer months 12 or 15 
house boats anchor within 500 feet of the beds near Beach Haven. 
Previous to 1913 oysters were floated in dangerous proximity to the 
outfalls from Beach Haven hotels, but it is stated that this practice 
has been stopped by action of the New Jersey State Board of Health. 

On an island near the center of the bay is a fish rendering factory, 
which employs about 75 men from May to November. The nearest 
oyster beds are about 1 mile from this island. The State board of 
health found that of 28 samples of water taken in the bay, only 7 per 
cent, or 2 samples, showed gas in 1 ¢c. c. quantities. 

Oysters taken in Little Egg Harbor are removed from the beds to 
Tuckerton Creek, West Creek, Big Creek, Mullica and Bass Rivers, 
and there ‘‘floated”’ before they are shipped. 


TUCKERTON CREEK. 


Tuckerton Creek rises in Cedar Swamps above Tuckerton and is 
dammed at Tuckerton for the water supply of the town. The stream 
is tidal for about 24 miles below the dam. Careful search failed to 
show any source of pollution other than an occasional house boat. 
The oyster floats are secured alongside the bank, the uppermost 
float being about one-half mile below the dam, and they extend for 
about 1 mile below the town. 

The town has no public sewerage system and no private sewers 
empty into the creek. No privies or other sources of pollution were 
found near the floats. 

Of five samples of water taken from the dam down to the floats, 
three showed B. coli present in 10 c. c., but not in 1c. ¢.; and two 
in 1 c. c. quantities, but not in 0.1 c. ¢. The oysters were examined 
48 hours after they were taken from the water; of ten samples, one 
scored 32 and two 23, the others all scoring 14 or less. Oysters from 
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Tuckerton Creek are believed to be safe, so long as the board of 
health continues its present efficient supervision. ‘There is some 
potential danger in every creek of this character. 


WEST CREEK. 


West Creek is similar to Tuckerton Creek and there are no sources 
of pollution on its banks. One sample of water from a tributary 
showed B. coli present in 0.1 c.c. It drained a field and there was no 
other apparent source of pollution. Oysters all scored 3 or less; the 
temperature, however, was nearly 0° C. when they were taken. 


BARNEGAT BAY.! 


Barnegat Bay is a large, shallow body of water extending from 
Barnegat Inlet 184 miles northward on the west side of Island Beach 
to Bayhead and about 4 miles westward to the village of Barnegat; 
here it connects with shallow estuaries extending southward 15 miles 
back of Long Beach to Little Egg Inlet. In the bay are numerous 
islands and flats, and a large number of creeks and small rivers dis- 
charge into 1t from the west. 

The principal villages on the bay and its tributaries and their dis- 
tances from Barnegat Light House are as follows: Waretown, 4 
miles; Barnegat, 5 miles; Forked River, 64 miles; Cedar Creek, 84 
miles; Toms River, 15 miles; Bayhead, 184 miles. 

Until recent years the shellfish industry of this area was an exten- 
sive one. Oysters were grown in the numerous thoroughfares and 
“guts”? and were floated in various small streams in the neighbor- 
hood. At present the industry is small, and only a few bushels of 
“shell stock” are shipped daily during the season. 

Samples were obtained on December 14, in Barnegat Creek, a small 
stream near Barnegat, with the following results: One sample 
scored 3, two scored 2, and two scored 0. So far as could be ascer- 
tained there is no pollution in the creek. 

During the summer season the clam industry engages the partial 
or entire time of hundreds of persons in this section. 

It is believed that these shellfish as a whole are entirely safe. 
None of the towns except Beach Haven have sewerage systems, 
the immediate dilution is very great, and the area of probable 
pollution small. Unless the shellfish be gathered in the immediate 
vicinity of local sources of pollution they are quite free from danger. 

There is no shellfish industry of consequence above this area until 
the northern end of the New Jersey coast is reached at Sandy Hook. 
The conditions in this section have been discussed in connection with 
Raritan Bay. 


1See Table P (p. 168). 
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SUMMARY AND CONCLUSIONS. 


The oyster industry along the New Jersey Coast is at present 
declining and is of comparatively little importance. The clam 
industry is important both economically and from a sanitary point 
of view, because these shellfish are, for the most part, gathered 
during the period of greatest danger of infectious pollution. Owing 
to the fact that the population is enormously augmented during the 
summer season, the incidence of typhoid fever is then greatest, and 
it is also the period of increased physiological activity of the shell- 
fish. 

The majority of the resort communities have more or less efficient 
sewage disposal plants, the effluents from which are discharged into 
large bodies of tidal waters, and the enormous dilution and restricted 
area of movements of such waters form a very great safeguard. 

A thorough enforcement of the present State regulations against 
the taking of shellfish from the condemned areas around Atlantic 
City and Wildwood, the closure of flats in the vicinity of sewer out- 
falls such as those at Ocean City, and the abolition of such obvious 
dangers as the privies in the Mathis ‘‘drinking”’ ditch at Pleasant- 
ville and the Conover privy at Absecon, are very essential but should 
not. be difficult. 

Large numbers of clams are gathered by summer visitors for their 
own consumption, and the use of publicity to educate such persons 
as to the dangers to be avoided impress us as being important. 

The question of the pollution of bathing beaches is an important 
one along this coast, but no instances of gross pollution of important 
beaches were noted. The prevention of bathing in the immediate 
vicinity of outfalls along thoroughfares and inland waters is rather 
difficult and appears to be a matter for education and local police 
regulations. 
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DELAWARE BAY AREAS. 


There are extensive and valuable oyster beds on both sides of 
Delaware Bay from about Bombay Hook down to within a few miles 
of the mouth of the bay. The upper area from the above point down 
to near a line from Mahon River eastward across to Ship John Light 
is very prolific; oysters grow very rapidly and the natural beds of 
this area are the source of most of the seed oysters used in planting 
the area below the line, both in Maurice River Cove and on the 
Delaware side of the bay.' 

The bay is an expansion of the lower part of Delaware River, the 
dividing line being from Bombay Hook Point to Cohansey Light 
House. The entrance to the bay from the ocean, between Cape 
May on the north and Cape Henlopen on the south, is 10 miles wide; 
but as shoals extend 6? miles south and southwest from Cape May, 
the deep channel is less than 4 miles in width. The bay is of irregular 
shape, its greatest dimension in a generally NNW. and SSE. direc- 
tion being 32 miles; at its northern extremity, between Bombay 
Hook Point and Cohansey Lighthouse, it is 32 miles wide, but just 
below Egg Island Point it has a width of 24 miles. 

Extensive shoals, with depths varying from 4 to 18 feet, occupy a 
greater part of the bay, but there is a deep and well-marked channel 
leading to the entrance of Delaware River. From Cape May the east- 
ern shore extends about 13 miles in a general NNE. direction to the 
mouth of Goshen Creek. Here the shore turns northward and west- 
ward and trends in the latter direction for about 7 miles to East 
Point, on which is situated Maurice River Lighthouse. The bight 
thus formed and the northern part of the bay in its vicinity is known 
as Maurice River Cove, into the northeastern part of which, about 1 
mile northward of East Point, Maurice River discharges. 


DELAWARE RIVER. 
SANITARY SURVEY. 


Sources of pollution.—The Delaware River rises in the southern part 
of the State of New York and flows in a general southerly direction 
for about 250 miles to its junction with Delaware Bay, forming the 
boundary between the State of Pennsylvania and the States of New 
York and New Jersey. The city of Trenton, 114 miles above the 


1 See map No. 6. 
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head of the bay, is the head of navigation, below which point the 
river is subject to tidal influence. The banks of the river are mostly 
low and in many places marshes extend some distance back from 
them. There are numerous large and small communities which con- 
tribute pollution directly into the stream, the most important of 
which are: 


Tasie 6.—Important cities on tidal portion of Delaware River.! 
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The banks of the river have many additional sources of industrial 
and domestic sewage. 

The most important tributaries adding pollution to the river are: 
Lehigh River, which discharges into the Delaware above Trenton 
after receiving a large amount of mine wastes and sewage from Allen- 
town, Bethlehem, South Bethlehem, Easton, and other communities 
in Pennsylvania, with a total population of over 100,000, and Phillips- 
burg, N. J., with a population of about 14,000. The Schuylkill 
River discharges into the Delaware at Philadelphia after receiving 
large quantities of mine and other wastes and sewage from the cities 
of Reading, Pottstown, Phoenixville, Norristown, and other com- 
munities above Philadelphia, together with much sewage from Phila- 
delphia. Christiana Creek receives the sewage of Wilmington, 
situated on its banks, 1 mile from the point at which the creek 
enters into Delaware River, 32 miles above the head of the bay. 

On account of the lack of sufficient time and force, it was impractic- 
able to make a sanitary survey of the tributaries or of the river itself. 
However, an approximate idea of the amount of domestic sewage 
contributed to the stream may be estimated from population sta- 
tistics given above. It should be remembered, moreover, that in 
addition to these large communities, the watershed in the immediate 
vicinity of the river contains a large population, both urban and rural. 
There are few streams in the United States which receive industrial 
wastes larger in amount and more diverse in character. An intensive 
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study of the pollution and self-purification of this river should be 
undertaken in the near future by this Service. 

Tides and currents.—It was evident from the writer’s experience 
with other tidal streams that it would be impracticable, with the 
available force and time, to determine by actual experiment the 
time factor in the purification of the river between the sources of 
pollution and the oyster beds. However, an approximate estimate 
of the average downward gain per day under conditions of normal 
stream flow may be determined from the data already at hand. 

The accompanying table (No. 7) taken from U. 8S. Coast Pilot, 
Part V (U. S. Coast and Geodetic Survey), shows the velocities of 
tidal currents in the river. 


Taste No. 7.— Velocity of tidal currents in Delaware River. 


Locality of station, 


Philadelphia, Pa., | Philadelphia, Pa., 


Off Re Castle, | off Chestnut| foot of Petty 


el.! Street Pier. Island.2 
True di- True di- True di- 
rection of| Velocity. | rection of Velocity. | rection of| Velocity. 
current. current. current. 
Degrees. | Miles. Degrees. Miles. | Degrees. Miles. 
Z 247 1579 200 1.4 242 1.76 
Hours before high water at Philadelphia | i) 285 . 68 200 1.3 238 1. 66 
0 29 . 94 200 9 233 1.19 
1 42 NGS ey cee crass -0 222 44 
Hours after high water at Philadelphia. .2 46 1.91 358 dy 51 LD 
3 48 1.91 358 1.4 48 1.49 
2 50 73 358 ho2 51 1. 65 
Hours before low water at Philadelphia. <1 240 1.23 358 Leck on 1. 46 
0 246 2. 20 358 .8 48 . 87 
1 248 2. 60 200 aa 234 1.15 
Hours after low water at Philadelphia. . - 247 2.36 200 1.2 239 1. 66 
o 251 1. 58. 200 | 1.4 240 1.78 
} 
1 Observations made in month of August. 2 Observations made in month of July. 


From data contained in the foregoing table and the Atlantic 
Coast Tide Tables, 1916 (U. S. Coast and Geodetic Survey), the fol- 
lowing deductions have been made: 

Average net gain downstream a day at Chestnut Street Wharf, 
Philadelphia: 


Average duration of ebb tide, 7.23 hours. 

Average velocity of ebb tide, 1.12 miles an hour. 

Average of miles traveled on ebb tide, 8.09 or 16.2 miles a day. 
Average duration of flood tide, 5.17 hours. 

Average velocity of flood tide, 1.15 miles an hour. 

Average of miles traveled on flood tide, 5.95 or 11.9 miles a day. 
Average net gain downstream a day, 4.3 miles, 


Average net gain downstream a day at New Castle, Del.: 


Average duration of ebb tide, 6.9 hours. 
Average velocity of ebb tide, 1.61 miles an hour. 
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Average of miles traveled on ebb time, 11.10 or 22.2 miles a day. 

Average duration of flood tide, 5.50 hours. 

Average velocity of flood tide, 1.66 miles an hour. 

Average of miles traveled on flood tide, 9.13 miles an hour, or 18.3 miles a day. 
Average net gain downstream a day, 3.9 miles. 


The distance between Philadelphia and the upper limits of the 
market oyster beds is about 60 to 65 miles; therefore, even if we 
reckon only on constantly suspended particles such as free. bacteria 
probably are, the time interval between Philadelphia and the oyster 
beds may be estimated roughly at from 12 to 15 days, depending 
upon stream flow and winds. For substances not in solution or of 
greater specific gravity than water the time factor is far greater. 

From Wilmington, the nearest source of large pollution to the 
same beds, the distance is about 40 miles. The average down gain 
a day at New Castle, just below Wilmington, is about 4 miles, and 
this section would be less subject to the effect of variations due to 
stream flow. However, as the river gradually becomes wider below 
Newcastle the net down gain must be much less than the above. 

Dilution.—No calculations as to the amount of water in the tidal 
prism at any point are available, but the quantity of unpolluted 
ocean water which goes into the lower reaches of the bay and river is 
enormous. 


BACTERIOLOGICAL AND DISSOLVED OXYGEN RESULTS. 


For the purpose of determining the extent of pollution in the 
river and what effect, if any, such pollution might have on the sani- 
tary condition of the water over the areas where oysters are grown 
in the bay, 211 samples of water were taken on the river for bacterio- 
logical examination and 284 dissolved oxygen determinations were 
made; 134 samples of water and 48 samples of oysters were collected 
from oyster areas and other points in the bay over a period extending 
from August to December, 1915, inclusive.1 

The samples from the river were taken at various stations from 
Bordentown at the entrance to the D. & R. Canal, 21 miles above 
Philadelphia, to the junction with the bay at Bombay Hook Point. 
Eleven of these stations were chosen for cross-section studies, includ- 
ing the dissolved oxygen determinations, the first being at Torres- 
dale and the last at Reedy Island. These points were selected with 
reference to sources of pollution and were spaced as regularly as 
this arrangement permitted, with the idea of ascertaining the extent 
of self-purification going on, the effect of additional pollutions, and 
the point at which the stream recovers itself.’ 


1 See Tables Q, R, S, and T, (pp. 109-120). 
For location of sampling stations see maps 8, 9, 10. 
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The results of these studies are shown in detail in Tables Q, R, 
S, and T, an analysis of which is given in Table U, and the results 
for the cross sections have, in addition, been plotted on Chart No. 2, 
for the purpose of showing graphically the extent of pollution and the 
dissolved oxygen content over the entire area by the cross sections. 

From Bordentown down to Torresdale the river seems to have a 
fairly uniform B. coli content, practically all samples being positive 
in 0.1 c. c. quantities, and there was no serious departure from the 
normal in free oxygen present. ; 

A slight increase in B. coli and decrease in oxygen was noticed 
from Torresdale to Bridesburg. The latter place is near the en- 
trance of the heavily polluted Frankford Creek and roughly marks 
the upper limit of the flood tidal effects from the city. 

From Bridesburg down to Coopers Point, at the upper end of 
Camden, and Kaighn Point, at the lower end of Camden (both 
opposite Philadelphia), there was a sharp rise in B. coli content and 
a corresponding though somewhat lagging decrease in dissolved 
oxygen content. This whole section is constantly, receiving addi- 
tional pollution from both sides of the river, and just below Phila- 
delphia there is a heavy influx from the Schuylkill River. 

This is the last heavy pollution in this section and the B. coli 
content immediately begins a decrease, which continues in a fairly 
constant ratio to the mouth of the river. The large amount of pol- 
lution from Wilmington entering the Delaware at Pigeon Point has 
little apparent effect upon the B. coli or oxygen content of the river, 
despite the heavy pollution of Christiana River shown by bacteriolo- 
gical examinations and oxygen determinations. 

As would be expected, the free-oxygen line on the chart lags con- 
siderably and recovery was not begun until Tinicum Island was 
reached, 7 miles below the entrance of the Schuylkill at League 
Island. 

In general, the B. coli content at Torresdale above Philadelphia 
was again reached at Marcus Hook, about 14 miles below Phila- 
phia, while the percentage of dissolved oxygen present at Torres- 
dale was not recovered until Reedy Island was reached, 40 miles 
below Philadelphia. Even here the apparent recovery was probably 
due in part to dilution with sea water, the influence of which 1s 
marked at this point. 

As shown by Table U, there was a gradual diminution in the 
bacterial content from Reedy Island, where 37 per cent of the sam- 
ples gave B. coli in 0.1 ¢. ¢., 84 per cent in 1 c. c., and 94.7 per cent 
in 10 ¢. c. quantities, or a mean of 1.4 B. coli per c. c., down to Ship 
John Light, at the head of the bay, where only 50 per cent of the 
samples showed B. coli present in 10 ¢. ¢., and none in smaller quan- 
tities of water. 
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Examination of samples of oysters and water from Delaware 
Bay showed very little evidence of pollution, even in the upper end, 
from which oysters are taken for seed purposes only. Of 69 sam- 
ples of water taken on the New Jersey side below Ship John Light 
and including Maurice River Cove, 7.2 per cent showed B. coli 
present in 1 c. c. and but 23.2 per cent present in 10 ¢. ¢. 

On the Delaware side of the bay, of 34 samples, 3 per cent were 
positive for B. coli in 1 c. c. and 15 per cent in 10 ©. ¢. 

Of 31 samples of oysters taken in that section of Maurice River 
Cove near the mouth of the Maurice River, one scored 23 and one 
14; in no other instance was the score over 5, and 17, or nearly 55 
per cent, gave a score of 0. A study of tidal and weather condi- 
tions at the time the two first-mentioned samples were collected 
indicated that the pollution present apparently came from Maurice 
River. 

Of 17 samples of oysters taken on the Delaware side, in no case 
was the B. coli score over 5. In this connection it should be re- 
membered that this study extended over the period of the year in 
which the oyster shipping in this district is at its height and during 
the earlier part of which the danger of infectious pollution was 
probably at its maximum. 


SUMMARY AND CONCLUSIONS. 


1. The Delaware River, from Bordentown to Torresdale, is mod- 
erately polluted and unsafe for use as a drinking water unless sub- 
jected to suitable purification. 

9. The river from Bridesburg, just above Philadelphia, down to 
Mifflin Bar, just below Philadelphia, is grossly polluted, as evidenced 
by the high bacterial content and deficiency of oxygen. 

8 The bacterial content at Marcus Hook, 14 miles below Phila- 
delphia, and the dissolved oxygen present at Reedy Island, 40 
miles below that city, are approximately the same as at Torresdale. 

4. From Reedy Island down to the junction of the river and bay 
the self-purification continues, so that at the latter point B. cola 
were found present in only 50 per cent of 10 ¢. c. samples. 

5. Analysis of the results obtained in Delaware Bay shows an 
absence of serious pollution; the mean average of less than 1 B. col 
in 50 cubic centimeters of water, with a total bacterial count at 37° 
of less than 50 colonies per cubic centimeter, indicate a water of 
considerable purity. 

6. It is evident, therefore, that shellfish as taken from the beds of 
Delaware Bay are safe as an article of food. 


MAURICE ‘RIVER. 
GENERAL OBSERVATIONS. 7 


In view of the fact that practically all oysters grown in Delaware 
Bay are carried to the Maurice or Cohansey Rivers and floated in these 
waters before they are shipped, and because of their subsequent 
wide interstate distribution, an intensive study of sanitary con- 
ditions in these streams was made in cooperation with the State 
department of health. This investigation covered a sufficiently long 
period of time to include all seasonal variations. 


EXTENT OF OYSTER INDUSTRY. 


The oyster industry has grown to considerable size-in this part of 
the State. Bivalve and Maurice River, the two shipping points near 
the mouth of the Maurice River, are reported to handle about 100 
carloads of oysters daily during the busy season. The business 
carried on at these places amounts to several millions of dollars 
annually; hence serious pollution of the producing area, resulting 
necessarily in the condemnation of oysters from these localities, 
would be a matter of vital concern to these towns and to the State 
as a whole, while the interstate shipment of the oysters throughout 
the country make the sanitary conditions of these areas a matter of 
material importance. 


METHOD OF HANDLING OYSTERS. 


The oysters are grown in portions of the Delaware Bay in com- 
paratively shallow water, the greater number of beds on the New 
Jersey side being in Maurice River Cove, which extends from Egg 
Island Point to Cape May Point. The bottom of the bay here is for 
the most part mud, although some parts are sandy, with a depth of 
water ranging from 5 to 30 feet. 

Oysters are dredged from these beds, loaded on boats, and brought 
to the floats located along the banks of the Maurice River, the waters 
of which are less saline than those over the beds. The floating pro- 
cess consists in placing the oysters in partially submerged open 
scows, located in such a way that the surface water from the river 
passes over and around the oysters. Here the oysters, while feeding, 
take in a certain amount of river water, and expel grit and sand. 
During this process, as a result of osmosis, the bulk of the oyster is 
greatly increased and, to the uninitiated, the oyster appears to be 
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very fat. If the river water in which the oysters are floated is pol- 
luted, the floating process necessarily results in contamination of the 
oysters, and in many cases ultimate rejection on the market. Oysters 
are usually floated for two tides, or about 24 hours, although this 
time may be varied on account of various local conditions. During 
low temperatures, when the oysters are physiologically inactive, the 
floating is often extended over periods of several days. 

Oyster floats are located on both sides of the Maurice River in 
what is known as the ‘Long Reach,” about 2 miles from the mouth 
of the stream, and also on the Cohansey River at Greenwich Pier. 
When the oysters have taken in enough of the fresh river water to 
sufficiently reduce the salt content, increase their bulk, and rid them- 
selves of grit, they are removed from the floats to scows, brought to 
the wharves, counted into barrels or sacks, and shipped. During 
these various handlings the oysters remain tightly closed and the 
chances of contamination are comparatively slight. In order, how- 
ever, to reduce this chance to a minimum, considerable care is exer- 
cised in securing clean bags and barrels, and even the shipping cars 
are required to be satisfactorily cleaned before they are used for 
transportation. Both the State and local authorities are to be com- 
mended for their activity in securing good local sanitary conditions. 

A very small percentage of the oysters shipped from the Maurice 
and Cohansey Rivers are shucked, almost the entire product being 
shipped in the shell, so that the possibility of contamination in the 
shucking process is almost entirely eliminated at these points. 


NATURE OF INVESTIGATION. 


From the above brief outline it is seen that the most probable 
sources of pollution of Maurice Cove oysters would be: 

1. Contamination from the waters in which they are grown. 

2. Contamination by shipping in dirty containers and cars. 

3. Contamination by coming into contact with polluted river water during the 
floating process. 

As has been previously shown, oysters taken from the beds were 
found to be free from any serious pollution, and the water from 
Maurice River Cove, over the beds, was also found to be of satis- 
factory quality. 

The possibilities of contamination in shipping are believed to be 
negligible in view of the care taken to secure clean containers and 
ears and also because of the fact that the oysters remain closed 
during handling and shipment. In view of these facts it is evident 
that any insanitary condition of oysters shipped from these points 
depends upon the condition of the waters of the river in which they 
are floated. 
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A preliminary sanitary survey of Maurice River was made in Sep- 
tember, 1915, by Sanitary Engineer C. A. Haskins, and this was sup- 
plemented in October and November by a more comprehensive 
study by Sanitary Engineer J. K. Hoskins. 

Maurice River, the largest stream in southern New Jersey, rises 
near Glassboro, in Gloucester County, and flows almost due south, 
about 33 miles, to Maurice River Cove, a part of Delaware Bay. 
The entire drainage area, as shown on the accompanying map, No. 10, 
comprising 405 square miles, is in the flat sandy formation common 
to southern New Jersey, most of which is sparsely populated, a con- 
siderable part being forested. The greater part of the drainage area 
hes in Cumberland County. 

The river is navigable and tidal to Millville, where a large dam 
divides the stream into two parts, each of which will be considered 


separately. | | 
I. RIVER ABOVE MILLVILLE. 


The drainage area above the head of tide, comprises an area of 
226 square miles, a considerable portion of which is forested. The 
forest drainage imparts a high vegetable color to the water, the tur- 
bidity usually remaining low. An earthen dam, 2,200 feet long, lo- 
cated one-half mile above Millville, impounds the river water in a 
reservoir with an area of 926 acres, forming the largest artificial lake 
in the State. A fall of 26 feet is made available by this dam, and 
the resulting power is used for industrial purposes. 

Stream flow.—Few accurate records of stream flow of the Maurice 
River are available. The report of Geo. W. T. Miller on the Maurice 
River,' states that the average flow at Millville is 35,300 cubic feet 
per minute. Volume III of the Report of the Geological Survey of 
New Jersey for 1894 estimates the average flow as lower than this, 
or about 21,800 cubic feet per minute. The average discharge dur- 
ing the driest year is estimated as 18,600 cubic feet per minute, 
while the flow during the driest month is given as 3,510 cubic fect 
per minute. 

Population.—The largest town on this part of the watershed is 
Vineland, having a population in 1910 of 5,282, and in 1915 esti- 
mated at 5,760, while the 1915 State census gives about 6,200. The 
rural population of the watershed is estimated at 58 per square mile, 
giving a total rural population of about 13,100. The total popula- 
tion on the watershed above Millville is therefore about 19,300, or 
85.5 per square mile. 

Truck farming is the principal occupation of the rural population 
and a considerable portion of this area is under intensive cultivation. 


1 Doc. 667, 29th Congress. 
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Sources of pollution.—The principal and practically only direct 
source of pollution of Maurice River above Millville is the city of 
Vineland, the domestic and industrial wastes from which are dis- 
charged into a small tributary, after being passed through a sewage 
disposal plant. 

A sanitary survey of Vineland showed that practically all streets 
of the town were sewered. There are 1,549 connections to the city 
sewers, serving 88.5 per cent of the population, or about 5,500 people. 
The remainder of the population, in 200 homes, use privies with 
water-tight receptacles, which are emptied weekly, the contents being 
hauled to a farm outside of town and plowed under. Strict super- 
vision by the local board of health virtually precludes the possibility 
of stream pollution from these privies. All trade wastes are passed 
through the disposal plant and mixed with the domestic sewage. 

The sewage disposal plant of Vineland is located at one edge of 
the town and covers an area of about six acres. The method of treat- 
ment of the sewage consists of sedimentation in a series of basins 
formed by embankment, filtration through underdrained sand beds, 
and disinfection of the filter effluent by means of hypochlorite of 
lime solution. The sedimentation beds are inadequate for the pur- 
pose of taking care of the quantity of sewage coming to them, and 
the sand filters are heavily overloaded. The entire plant is in urgent 
need of enlargement and rearrangement. It is at present necessary 
to run some of the sewage to improvised settling basins, from which 
it is discharged direct to the creek, without sand filtration or hypo- 
chlorite disinfection. The final effluent is discharged into the Tar- 
kiln branch of the Maurice River. 

Analyses of the effluent of the Vineland sewage disposal plant, 
published in the Annual Reports of the State Board of Health of 
New Jersey for 1909 to 1912, inclusive, show an average of 300,900 
bacteria per cubic centimeter at 20°, and 26,800 bacteria at 37°, 
with an average count of 5,900 B. colt per cubic centimeter. 
The average total solids is 161 parts per million, and the average 
relative stability is 40. From these figures it 1s apparent that con- 
siderable improvement in the quality of the effluent is desirable. 

In addition to the municipal disposal plant there are two other 
sewage disposal plants serving institutions at Vineland. The Train- 
ing School for Feeble-Minded Children disposes of all wastes by 
sedimentation and broad irrigation on farm land. There 1s no efflu- 
ent discharged from this area. The Home for Feeble-Minded Women 
has a somewhat similar process, and it is believed that little actual 
pollution of the water course results from this source. 

The large lake above Millville and below Vineland probably has a 
beneficial effect on the river water, due to the storage period afforded, 
with consequent sedimentation. Analyses of water taken from the 
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outlet of this reservoir show in many cases evidence of slight pollu- 
tion, although these analyses have not been extended over a long 
enough period to warrant definite conclusions as to the safety of the 
stream at this point. 


Il. RIVER BELOW MILLVILLE.! 


Sources of pollution.—The river is tidal the entire distance from 
Millville to its mouth. From Millville the stream flows southeast, 
then southwest, to Maurice River Cove, a distance of 24 miles. For 
the first four miles below Millville, the river flows between wooded 
bluffs of sand, gravel, and clay, interspersed with rolling farm lands. 
Two miles above Mauricetown, salt marshes appear on the right bank, 
the upland receding more and more. On the left bank, the fast land 
continues to within 2 miles of the mouth, where salt marshes appear. 
Considerable areas of these lowlands have been banked and are under 
cultivation, and this work is being extended at the present time. 

The channel from French’s Bar to Millville has been dredged to a 
minimum depth of 7 feet. Below French’s Bar the controlling depth 
is over 10 feet at mean low water, while in places it reaches 40 to 50 
feet. 

At Millville the low-water width is about 100 feet. The river 
gradually widens until, in the lower reaches, it varies in width from 
500 to 1,000 feet. } 

There are four tributaries of considerable size to the main stream 
between Millville and Mauricetown. White Marsh Run and Buck- 
shutem Creek drain the area to the west, while Menantico and Manu- 
muskin Creeks drain the wilderness to the east. 

The drainage area of the Maurice River between Millville and the 
mouth of the stream is 179 square miles; it is very sparsely popu- 
lated, and has no source. of direct pollution except Mullville. The 
several small settlements along the banks have no sewers and so 
discharge no wastes directly into the stream. Some of the land is 
under cultivation, and this may contribute a small amount of pollu- 
tion to the main stream. A fish-rendering plant located about 2 
miles above Bivalve contributes a considerable amount of organic 
matter to the pollution. 

The most evident and serious pollution of the river is caused by 
the city of Millville? Millville is a rather busy industrial community 
employing a considerable amount of labor of a low grade. The 
enforcement of sanitary regulations has been neglected, and sanitary 
conditions are therefore not of the best. 

1 See Map No. 11. 
2 Population 12,451 in 1910, and an estimated population of 13,437 in 1915. 
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A sanitary survey of Millville indicated that probably 4,500 of the 
population are connected to the sanitary sewers; although lack of 
records makes it difficult to confirm this figure definitely. The 
remainder of the population depends upon cesspools and privies, 
many of which are in bad condition. 

The sanitary sewers are poorly constructed and admit excessive 
amounts of ground water, a condition which, along with others, has 
led to the inefficient operation and practical neglect of the sewage- 
disposal plant at the lower end of the town. 

The disposal plant consists of sedimentation tanks operated in 
series, an aeration well, contact beds, copper sulphate disinfection, 
and a tidal storage tank. At the time of the investigation the sedi- 
mentation tanks were seriously clogged and the contact beds entirely 
so. It was stated that copper sulphate was being added, but this has 
probably little effect on the bacterial content. As a result the river 
was seriously polluted at this point by the discharge of poorly treated 
‘sewage from a population of at least 4,500 people. Raw sewage also 
is discharged directly into the river from a section of the city too 
low to drain by gravity to the disposal plant. It is believed the 
industrial wastes are not important from a bacterial standpoint and 
add little pollution of this nature. 

The various settlements along the river between Millville and 
Bivalve also must be considered as possible sources contributing 
pollution to the stream. While none of the sewers in these towns 
empty directly into the river, they nevertheless drain indirectly to 
the watercourse. Sanitary regulations are not enforced in these 
places, and in some cases privies are located close to the banks. In 
times of heavy washing rains the danger from pollution from these 
villages may become important. Attention must be paid to this 
source of pollution to insure a satisfactory quality of the water in 
Maurice River. 

The only other apparent sources of pollution affecting the oyster 
floats are the towns of Bivalve and Maurice River themselves, and 
the oyster boats plying the river at these points. The local boards of 
health have realized the dangers of pollution from these sources and 
have taken active steps to reduce them to a minimum. A complete 
system of scavenger service for the boats has been organized, and all 
excreta on the boats are deposited in cans, which are removed daily 
by a scavenger, and taken to farm land, all cans being cleaned and 
disinfected. Several privies still exist back from the shore line, but, 
it is believed, out of range of probable chances of directly polluting 
the river. Additional toilet facilities for the accommodation of the 
laborers employed in handling oysters will no doubt prove a benefit 
to local sanitary conditions near the oyster floats. Constant atten- 
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tion to the scavenger system will be necessary to produce effective 
results from this service at all times. 

Tides and currents.—The tides play an important part in the flow 
of Maurice River from Millville to its mouth, and it is therefore 
necessary to consider them in connection with the transmission of 
polluting substances from Millville to the oyster floats at Bivalve. 
The tides of Maurice River are discussed in the report to Congress of 
E. A. Gieseler, Assistant Engineer United States Army, in reporting 
on improvements for that stream, and from this report the following 
information has been obtained. 

High and low water levels both traverse the distance from the mouth 
of the river to Millville in about the same time, about two and one- 
half hours; but while the motion of high-water level is accelerated as 
it passes upstream, low-water level is retarded in about the same 
proportion. The distance from the mouth to Mauricetown is tray- 
ersed by the high-water level in one and one-half hours, while from 
Mauricetown to Millville only one hour is consumed. The low-water 
level, on the other hand, traverses the same distance in one hour and 
one and one-half hours, respectively. Changes of current take place at 
the mouth about one hour, and at Mauricetown about one-half hour, 
after high and low water. At Millville the flood current changes a 
little before high-water stand, while ebb current changes about three- 
fourths hour after low-water stand. Thus, while at the mouth and 
at Mauricetown the duration of the flood current and ebb current are 
respectively equal to the duration of rise and duration of fall, at 
Millville the duration of ebb current is one hour longer than the fall, 
and that of flood is one hour shorter than the rise. The average rise 
and fall of the tide is about 6 feet at the mouth and a little over 5 feet 
at Millville. 

The mean tidal prism of the river has been computed at 
500,000,000 cubic feet, of which 20,000,000 cubic feet may be fresh 
water received during flood tide. About the same amount of fresh 
water being received during ebb tide, the entire discharge in 6 hours 
and 20 minutes of the ebb at the mouth amounts to about 520,000,000 
cubic feet. 

The greatest mean velocity of the ebb current at the mouth is 
reached about 4.3 hours after high water. The discharge at this 
time, through a cross section of 11,400 square feet, is 29,000 cubic 
feet per second. The same calculation for Mauricetown gives a much 
smaller figure, due to the flooded meadows below the village. 

Float tests.—In order to determine the time required for sewage to 
flow from Millville to the oyster floats at Bivalve, a series of float 
tests was undertaken and carried out jointly by the State depart- 
ment of health, and the United States Public Health Service. It is 
realized that these experiments gave only approximate results, and 
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not enough of them were made to determine exactly the time re- 
quired, but it is believed a reasonably fair idea of the currents can be 
had from them. 
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It was found that winds greatly influenced the speed and course of 
the floats, although they were submerged to a depth of 4 feet with a 
very small area exposed. For this reason, it was decided that more 
nearly accurate results could be obtained by using the floats only on 
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comparatively calm days. The floats were always allowed to run a 
full tide without interruption, except to keep them in the channel 
and prevent them from stranding. The accompanying chart shows 
the time required to float from the disposal plant at Millville to the 
reach above the oyster beds at Bivalve. 

These experiments indicated that sewage from Millville may be 
expected to reach the oyster beds at Bivalve in six days. Under 
favorable conditions, this time may be shortened. It is probably 
safe to say that from 5 to 10 days is required for water from Millville 
to reach Bivalve and Maurice River. 

There is a certain amount of sedimentation taking place during 
this time, due to the numerous reversals of current and also due to 
the mixing of the fresh and salt water, with the consequent apparent 
precipitation of a certain amount of color in the fresh water; the 
velocity of the stream, however, is such that the benefit derived from 
sedimentation may be comparatively small. The maximum dis- 
tance traversed by the floats on one ebb tide was 74 miles in 5.6 hours, 
or an average rate of 1.96 feet per second. The highest rate during 
this time indicated a velocity of about 2.6 feet per second. It is 
believed that this velocity is high enough to prevent any sedimenta- 
tion of consequence and probably would have a tendency to stir up 
considerable finer sediment deposited during slower velocities. 


RESULTS OF EXAMINATIONS OF OYSTERS AND WATER. 


Three hundred samples of oysters and water were collected in 
Maurice River for examination. The results of determinations of 
free oxygen present in water of the river (Table V, p. 122) show a 
minimum of 63.8 per cent of saturation near the sewer outfall at 
Millville, with a loss, after 24 hours incubation at 20°, of 0.60 p. p. m.; 
while near oyster floats at Bivalve it varied from 75 to 87.9 per cent 
of saturation, with a maximum loss on incubation of 1.35 p. p. m.1 

It is evident, therefore, that while there is a deficiency in free 
oxygen, the lower reaches of the river are not seriously overloaded 
as far as unsatiated organic matter is concerned.? 

During the investigation there were examined 96 samples of oysters 
floated at Maurice River and Bivalve, the two shipping points on 
the river, for varying periods of time; of these some were taken from 
shipping houses and barges, some from floats, and others were dupli- 
ates of samples collected by the party on the Bratton in Maurice River 
Cove and floated in the river for comparison. The results obtained 
are recorded in detail in Tables V and W, pp. 122-127. 

It will be noted that two samples examined October 4, gave scores 
of 320 each. These were from a few oysters in an unused float out 


1 See also Table W. 2 See Chart 4. 


MAURICE RIVER. v1 


of the water and exposed to the sunshine and the length of time that 
they had been floated is unknown No other samples taken at any 
time scored over 41. Of the 96 samples— 

2, or 2.10 per cent, scored 320; 5, or 5.20 per cent, scored 41; 6, or 6.25 per cent, 
scored 32; 8, or 8.30 per cent, scored 23; and 75, or 78.13 per cent, scored 14 or less. 

During the same period 89 samples of water were collected in this 
floating area and examined, of which— 

86 or 96.75 per cent showed B. coli present in 10 c. c. quantities; 3, or 3.25 per 
cent, showed B. coli absent in 10 c. c.; 21, or 23.59 per cent, showed B. coli present 
in 10 c. c. but not inlc.c.; 4, or 4.49 per cent, showed B. coli absent in 1c. c.; 47, 


or 51.68 per cent, showed B. coli present in 1c. c. but not in 0.1 c. c.; and 15, or 16.85 
per cent, showed B. coli present in 0.1 ¢. c. 


Or, discarding the four samples, which were negative in 1. c. c. but 


which were not planted in 10 ¢. c. quantities— 

3, or 3.52 per cent, showed B. coli absent in 10 c. c. quantities; 82, or 96.47 per cent, 
showed B. coli present in 10 c. c. quantities; 61, or 71.76 per cent, showed B. coli 
present in 1 c. c. quantities; and 15, or 17.64 per cent, showed B. coli present in 0.1 
c. c. quantities. 


The results obtained from samples taken along the course of the 
river below the disposal plant at Millville show a gradual decrease in 
the mean B. coli content of the water from 46.5 B. cola per c. c. to a 
mean average of 0.7 B. coli per c. c. in the floating area, as is shown in 
the following table: 


TaBLE 8.— Mean number of B. coli perc. c. of water in Maurice River. 
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The samples taken in the various tributaries show the average 
B. coli, in those sections of the streams above the tidal influx from 
the Maurice River itself, to be lower than the average B. coli content 
of the main river; hence it seems evident that the main pollution is 
from Millville rather than from any other source. It is probable that 
after heavy rainfall on the lower watershed the pollution in the 
river is somewhat augmented by the run-off from fields and other 
rural sources; but, because of the sparsely settled condition, the sandy 
soil, and flat terrain of the district, it is not probable that much addi- 
tional pollution of any kind thus reaches the river. 
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TYPHOID FEVER ON THE MAURICE RIVER WATERSHED. 


A study of the prevalence of typhoid fever on the watershed was 
made by Assistant Surgeon Waller, based upon statistics secured by 
the New Jersey Department of Health, inspection of local records, 
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and personal interviews with physicians in the various localities, as 
a result of which it was ascertained that Millville, with a population 
of 12,451 in 1910, had an average of 12.5 cases per annum during the 
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period 1907 to 1915, the maximum number of cases reported having 
been 20 in 1913-14, and the minimum 1 in 1909-10." 

The greatest danger of infection of the river with typhoid organ- 
isms is during the months from August to December, the peak of the 
typhoid-fever curve being quite constantly in August or September. 
It is at the beginning of September that the oyster season opens and 
the floating of oysters is begun. The water in the river at this period 
is warm, and oysters are physiologically active and feed rapidly. 

Commercial Township, Landis Township, and Maurice River Town- 
ship, with Millville, comprise the whole watershed in the tidal area, 

Commercial Township, with a population of 2,604 in 1910, includes 
the town of Bivalve, the great floating and shipping center; Port 
Norris, a community about 1 mile from the river near Bivalve; and 
Mauricetown, on the river about half way between Millville and 
Bivalve. 

There have been only 8 cases of typhoid fever reported from this 
township within the last eight years, three cases having been re- 
ported in September and October 1913-14, respectively. Most of 
the cases have occurred during those months. Personal interviews 
with local physicians seemed to confirm the above figures. 

Maurice River Township includes the floating and shipping center 
of that name, opposite Bivalve, and also the small communities, 
Heislerville and Leesburg. The total population in 1910 was 2,124, 
and the total number of cases of typhoid reported for the past eight 
years was 17, of which 5 occurred in June and 4 in February. From 
September to December there were 5 cases in the eight years. 

Landis Township, with a population of 6,435 in 1910, had a total 
of 15 cases reported in the eight-year period, nearly all of which were 
between August and December. This township adjoins Millville on 
the south side of the river and reaches to Maurice River Township. 


SUMMARY. 


The principal pollution in that portion of Maurice River used for 
floating oysters is sewage discharged into the stream by the city of 
Millville. Some of the polluted water probably reaches the oyster 
floats at Bivalve and Maurice River in from 5 to 10 days, depending 
upon the rapidity of stream flow and direction and force of prevailing 
winds. Sedimentation between these points should not be relied 
upon to eliminate the danger of pollution of oysters. 

The various small communities along the river are potential, if not 
actual, sources of pollution of the stream. . 

Bacteriological examination of the river water in which oysters are 
floated shows a considerable amount of pollution, indicated by the 


1 See Appendix II, p. 135 et seq. 
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constant presence of B.-coli in amounts of water varying from 0.1 ¢. ce. 
to 10 c. c., with a mean average of 0.7 B. cola per c. ec. 

Examinations of numbers of samples of oysters when taken from 
the beds in Maurice River Cove showed little pollution, while the 
examination of oysters after floating in Maurice River showed con- 
stantly some pollution acquired by immersion in the river water; 
however, with the exception of two samples which had been on a 
float for an undetermined period, none of these samples taken during 
any season showed scores sufficiently high to condemn them under 
the present standards. 

A study of the prevalence of typhoid fever in that portion of the 
watershed adjacent to the communities engaged in floating and ship- 
ping oysters showed a very low typhoid rate. 

As has been shown, the typhoid-fever incidence at Millville is higher 
than that in the surrounding country. A study made by the New 
Jersey Department of Health showed that it was a daily custom of 
men engaged in the business to open and eat large numbers of 
oysters to ascertain when they were ready for shipment, and these 
men also carried quantities of raw oysters to their families. Notwith- 
standing this there is an absence of typhoid fever among them. The 
writer’s observations confirm this fact. 


CONCLUSION AND RECOMMENDATIONS. 


Taking into consideration all the factors which may directly or 
indirectly contribute infectious pollution to Maurice River, it is 
doubtful if the waters of this stream can be considered, under present 
conditions, a safe place in which to float oysters. 

In view of the above, the method of treating the sewage at Mill- 
ville should be pretatie modified by increasing the efficiency of the 
present disposal plant and by eliminating the discharge of all raw 
sewage into the stream, so that the effluent will not be a source of 
serious pollution. 

We have been informed by the New Jersey State Department of 
Health that a chlorine gas disinfection plant has been ordered and will 
be installed in the Millville disposal station in the near future. If 
efficiently operated this should remove the chief source of infectious 
pollution. 

Sanitary privies or cesspools, or other suitable safeguards should 
be installed in the small communities below Millville. Unrelaxing 
vigilance should be exercised in enforcing sanitary regulations at 
Bivalve and Maurice River to prevent local pollution of the stream. 

Under such conditions the oysters floated in this river will be safe. 


COHANSEY RIVER. 
SANITARY SURVEY. 


The Cohansey River rises in Salem County and flows for 13 miles 
nearly due south to Fairton, and thence 8 miles west to Delaware 
Bay. ‘The drainage area, as shown on map No. 11, page 69, comprises 
109 square miles, most of which is flat sandy land, common to south- 
ern New Jersey. The river is tidal and navigable to Bridgeton, a 
distance of 9 miles in a direct line from the mouth and 19 miles fol- 
lowing the course of the stream. 

The drainage area above Bridgeton is about 48 square miles in ex- 
tent; it is largely an agricultural region, with no settlements of any 
considerable size, and no towns have public sewers draining to the 
water course. The watershed is rather sparsely settled, and most of 
the pollution is drainage from cultivated farm lands and a few rural 
communities. 

The watershed below Bridgeton, comprising an area of 61 square 
miles, is largely low flat ground, much of which is not cultivated and 
some of which is protected from flooding at high tide by artificial 
banks constructed along both sides of the stream. There are no 
tributaries of importance below Bridgeton, and no towns having 
public sewers contributing direct pollution to the stream. 

Analyses of the raw water of Cohansey River above Bridgeton made 
by the State board of health show the presence of B. colt rather con- 
sistently. During the year 1914, out of a total of 11 samples exam- 
ined, 8 indicated B. coli present in 1 ¢. c., 1 in 0.1 ¢. c., and 2 not 
present in 5c. c. From this it is evident that, notwithstanding the 
rather sparsely populated watershed above Bridgeton, considerable 
pollution reaches the stream. This pollution is rightly considered 
so serious by the city of Bridgeton that a modern mechanical filtra- 
tion plant has been installed for the treatment of the public water 
supply. 

The principal source of direct pollution of the upper Cohansey River 
by domestic sewage is the city of Bridgeton, located on both sides of 
the stream, 19 miles from its mouth and about 17 miles from the oyster 
floats at Greenwich Pier. 

Bridgeton in 1910 had a population of 14,209 and an estimated 
population in 1915 of 14,365. The State census of 1915 gives a pop- 
ulation of 13,840, showing a loss since the Federal census of 1910. 
The town is a busy industrial community and the principal market 
center for a rather extensive farming area in this section of the State. 

; 75 
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A sanitary survey of Bridgeton showed that there are recorded 420 
connections to the sanitary sewers. A house to house canvass, made 
in 1909, showed that 598 houses were connected to the sewers, as 
stated in the report of Mr. Clyde Potts to the city of Bridgeton, under 
date of December 7, 1909. From this it is evident that not all con- 
nections are recorded, and it is therefore difficult to estimate the exact 
number of inhabitants contributing sewage. A fair estimate as to the 
number of people using the public sewers would perhaps be 4,000. 
It is estimated that of the remainder, 21 per cent use cesspools and 50 
per cent privies, and these are scattered in all parts of the town. The 
privies are mostly of the surface type, and some of them overhang 
small tributary streams. In time of heavy rains this part of the 
population will contribute serious pollution to the stream, due to the 
rather rapid drainage of the town to the Cohansey. Frozen ground 
in the winter months will aggravate this condition. 

The sewage from the public sewers is supposed to be treated in two 
disposal plants, one located on each side of the river, at the down- 
stream edge of the town. 

The method for treatment consists of sedimentation in covered 
tanks, the application of hypochlorite of lime solution to the settled 
sewage, and secondary sedimentation, followed by discharge into the 
creek. Owing to the topography of the city, it is necessary to pump 
some of the sewage from the sewer mains to the sedimentation tanks. 
At the time of visiting this plant, the pumps were not operating, and 
as a result, the low level sewage flow was being by-passed around 
the sedimentation tanks and discharged into the creek without any 
practical disinfection. At one of the disinfection plants the hypo- 
chlorite solution tank was empty and consequently no treatment 
was being secured. 

Two separate visits were made to these plants and both times the 
operation was found to be deficient. The conclusion formed was 
that the operation was careless and inefficient; that no uniform treat- 
ment was being given the sewage of the city; and that considerable 
pollution was being contributed because of this neglect. 

It was stated locally that various private sewers were discharging 
domestic sewage directly into the stream. No such sewers were 
located, although several apparently abandoned private sewers were 
found. : 

There is also considerable pollution of the Cohansey by the various 
industries located at Bridgeton, but there is little, it is believed, that 
would increase the colon content to any appreciable extent. A num- 
ber of canning factories discharge large amounts of waste and a dyeing 
establishment discharges a considerable amount of dye waste, wash 
waters, and spent bleaching solutions. 


COHANSEY RIVER. at 


The only settlement of any size between Bridgeton and Greenwich 
is the village of Fairton, about 4 miles below Bridgeton, with a pop- 
ulation of about 400. Fairton has no public sewers, the entire pop- 
ulation depending on privies, mostly of the surface type. 

The nearest source of pollution of the oysters floated in the Cohan- 
sey is at Greenwich Pier, where the floats are located. Sanitary 
conditions here could be considerably improved by a more active 
local control. While much has been done, there still remain numbers 
of shacks and boats in the vicinity, which of necessity contribute 
pollution to the stream. While the number of oyster boats in the 
Cohansey is comparatively small, the danger from pollution from this 
source certainly exists and, in the vicinity of the oyster floats, may 
be at times the cause of gross pollution. 


STREAM FLOW. 


Little data on stream flow of the Cohansey River is available. 
The New Jersey State Geological Survey Report for 1894, Vol. IT, 
page 257, estimates the rainfall of an average year as 45.88 inches, 
of which 19.61 inches is assumed to run-off, giving an average flow 
at Bridgeton of 46,650,000 gallons per day. The same figures for 
an ordinary dry year are 36.80 inches rainfall and 40,400,000 gallons 
per day flow at Bridgeton, while for the driest period the monthly 
rainfall is given as 0.94 inches, with 0.30 inches flowing off, corre- 
sponding to a flow at Bridgeton of 8,400,000 gallons per day. 

Since the portion of the river from Bridgeton to the mouth is 
tidal, it also receives considerable amounts of sea water, which 
tends to dilute the sewage from Bridgeton. The entire channel 
acts somewhat as a tidal basin, a large body of water flowing back 
and forth with the rise and fall of the tide and moving gradually 
toward the mouth of the stream. Potts, in his report above men- 
tioned, estimates that this basin holds 3,750 million gallons of water, 
and that 1,500 million gallons of sea water enter the lower reaches 
every day. Just how much sedimentation is effected in this basin 
has not been determined, but the same conditions of reversal of 
current and mingling of land and sea water occur in the Cohansey 
as in the Maurice River. 

In order to study the currents in the stream below Bridgeton, 
Potts made numerous float experiments from which he determined 
that one ebb tide would carry a float from Bridgeton a distance of 
41 miles down stream, and that the following flood tide would return 
the float to within 800 feet of the original starting point. His 
deduction from these tests was that the net gain of the water at 
each ebb tide averages 1,000 feet, and that during the winter months, 
when the run-off is greatest, the gain may be as much as 2,500 feet 
per tide. Assuming these figures to be correct, the minimum time 
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required for sewage from Bridgeton to reach Greenwich Pier, trav- 
eling a distance of 17 miles, would be about 134 days, remembering 
that the last ebb tide would carry the sewage a distance of 44 miles. 
Various elements, such as height of tide, velocity and direction of 
wind, and excessive run-off for certain periods, may tend to shorten 
this time by a considerable amount. 


BACTERIOLOGICAL STUDIES.! 


There were examined 31 samples of water from that portion of 
the river in which the oyster floats are anchored. Of these— 

2, or 6.45 per cent were negative for B. coli in 10 c. c. quantities; 7, or 22.58 per 
cent were positive for B. coli in 10 c. c. quantities, but not in 1c. c.; 15, or 48.38 


per cent were positive for B. coli in 1 c.c. quantities, but not in 0.1¢.c¢.; and 7, or 
22.58 per cent were positive for B. coli in 0.1 c. c. quantities. 


Or— 


2, or 6.45 per cent were negative for B. coli in 10 c. c. quantities; 29, or 93.54 per 
cent were positive for B. coli in 10 c. c. quantities; 22, or 70.96 per cent were positive 
for B. coli in 1 c. c. quantities; and 7, or 22.58 per cent were positive for B. coli in 
0.1 c¢. c. quantities. 

The results from samples taken at Bridgeton and various points 
down the river indicated a gradual decrease in the number of B. coli, 
as shown by the following averages computed from the above data: 


TABLE 9.—Mean number of B. coli per c. c. of water at certain points in Cohansey River. 
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The oyster business on the Cohansey River, where there are only 
three shippers is very much smaller than that on the Maurice River. 
The river is used for floating oysters grown on the Delaware side of 
Delaware Bay. These oysters are brought to Greenwich Pier, 
floated in the same manner as at Bivalve and Maurice River, and 
shipped in the shell by rail. 

Of 57 samples of oysters floated at Greenwich Pier, 1 scored 410, 
1 scored 320, 2 scored 41, 2 scored 32, 4 scored 23, and 47 scored 14 
or less. ‘Fhe two high scores were encountered at different seasons 
of the year, one in October (temperature of water 16.6°), and one in 


—— 


1 See Tables Y and Z, pp. 131-134, 
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December (temperature of water 0.5°). It is believed that these 
oysters were polluted by excreta from vessels lying at or near the 
floats. 

For typhoid fever studies see Appendix IT, page 135. 


SUMMARY. 


The source of most of the pollution found in the Cohansey River 
is the city of Bridgeton. There is also the possibility of pollution, 
small in amount but dangerous in character, from such communities 
as Fairton. 

So far as may be judged by the study of floats, currents, tides 
and stream flow, the time factor in purification between Bridgeton 
and Greenwich Pier is greater than that between Millville and 
Maurice River and Bivalve on the Maurice River. 

While the number of vessels engaged in the industry at Green- 
wich Pier on the Cohansey is much smaller than the large number 
at Bivalvé and Maurice River, nevertheless there is a constant 
potential danger of infectious pollution by fresh excreta from the 
persons on the vessels which lie quite near the floats. 


CONCLUSIONS. 


In view of these facts it seems fair to conclude that under present 
conditions the waters of the Cohansey River at Greenwich Pier are 
not entirely safe for the floating of oysters. 

The discharge of all raw sewage into the river at Bridgeton should 
be stopped either by connection to the sewage disposal plants at 
Bridgeton or the installation of safe forms of privy disposal. 

The use of by-passes at the Bridgeton disposal plants should be 
discontinued. These plants should have such constant competent 
supervision as will insure a safe effluent at least throughout the 
oyster floating season. 

Sources of pollution along the river should be eliminated. At 
Greenwich Pier there should be instituted a system which will 
remove the danger of pollution from vessels and oyster houses in 
the vicinity of the floats. 


INFECTIOUS DISEASES AND POLLUTION OF COASTAL 
WATERS. 


While the bacteriological examination of the waters and shellfish, 
together with a sanitary survey of the contributing watershed, fur- 
nishes fairly accurate knowledge of the total amount of pollution 
from human sources, it is quite obvious that in order to obtain data 
as to the actual danger from the presence of the causative organisms 
of such diseases, it is necessary to know both the amount of such 
diseases on the watershed and their relation to the use of the waters 
in question for bathing purposes and as sources of shellfish. In 
other words, it is essential to inquire into methods of transmission 
in order to ascertain whether such use of the coastal waters has 
given rise to outbreaks of typhoid fever or other intestinal infection. 

The typhoid fever statistics of the communities on the various 
watersheds have been secured from the State Department of Health 
by Passed Asst. Surg. Frost, under whose direction a sanitary survey 
of New Jersey was being made, and from other sources. They will 
be found in Appendix 11, page —. 

In addition, Passed Asst. Surg. Draper was specially detailed to 
visit the communities along the coast adjacent to the water areas 
under investigation for the purpose of securing any possible addi- 
tional information as to whether the use of such waters for sewage 
disposal, bathing, or as sources of sea food had any influence in 
the transmission of disease. 

Health authorities and practicing physicians in the cities and 
villages on the New Jersey coast were consulted by Dr. Draper in 
regard to this question and the records of typhoid fever and other 
intestinal diseases for 10 years past were carefully examined. 

With the exception of certain cases of typhoid fever which occurred 
at Atlantic City in 1902 and certain other cases at Ocean City in 
1910, which have been previously fully reported by State and local 
health authorities, no relationship between the use of the waters for 
the purposes above mentioned and the occurrence of typhoid fever 
and other intestinal diseases was found. 

Nevertheless, the historic outbreaks at Wesleyan University, 
Conn., Lawrence and Goshen, N. Y., those at Atlantic City and 
Ocean City, as well as those of Portsmouth, Plymouth, and South- 
ampton, Hngland, Cette and other places in Europe, very clearly 
point out the danger from oysters taken in grossly polluted waters. 

The outbreak at Atlantic City in 1902, to which allusion has been 
made, was thoroughly studied by Dr. Edward Guion and Herbert 
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*. Snow, who showed that the epidemic was due to the eating of 
»ysters floated and clams taken at the mouth of the Penrose Canal. 

This canal was shown to have been discharging an unusual amount 
of sewage, owing to a break in a large sewer, laid in the canal, which 
sarried a considerable amount of the city sewage out into the 
“Thoroughfare.” 

Snow found “1,000,000 organisms per c. c. at 37°, of which nine- 
tenths were intestinal,’ in the water immediately over the outlet, 
and ‘1,150 37° organisms of which 520 per c. c. were of intestinal 
origin,” at a distance of 1,000 feet from the sewer outlet. 

Guion wisely concludes ‘‘there is a zone of pollution established 
by the mere fact of the existence of a populated city upon the banks 
of a stream, or tidal estuary which makes the laying down of oysters 
and clams in these waters a pernicious custom if persisted in, because 
it renders these articles of food dangerous at times, and always 
suspicious.” 

69263°—17——6 


GENERAL SUMMARY AND CONCLUSIONS. 


Shellfish growing and shipping constitute one of the most important 
industries in the State of New Jersey, the annual oyster crop being 
valued at from $2,000,000 to $4,000,000.1 

As a result of the laboratory examination and sanitary surveys 
made by the service, it has been determined that the waters in which 
these shellfish are grown are, with the exception of the small areas 
described, free from pollution. However, almost all of the oysters 
grown in these waters are removed to small creeks or rivers, where the 
salinity of the water is less, for the purpose of ‘‘floating” or “fresh- 
ening” before shipment. 

- The sanitary condition of such oysters depends upon the condition 
of these creeks rather than that of the beds on which they are eTown, 
and some of these ‘‘drinking” places have been found to be unsatis- 
factory. 

Throughout the State the New Jersey Department of Health has 
been found to have been active in attempting to remedy dangerous 
conditions wherever they exist, and it is believed that this organization 
as at present constituted will do even more efficient work in the future. 

In addition to the great value of the coastal waters of New Jersey 
in connection with the shellfish industry, these waters are of far greater 
value because of the number of summer resorts along the whole shore | 
from Sandy Hook to Cape May. 

The protection of these waters from pollution and nuisance is 
therefore of the utmost importance to the State, and because shellfish 
are shipped from the State throughout the country, and the resorts 
are visited annually by hundreds of thousands of citizens of other 
States, the sanitary conditions of the resorts and of the coastal waters 
is a matter of national moment. 

People who go to such resorts are gradually being educated by the 
various public health agencies as to the possible danger of contracting 
diseases in insanitary surroundings, and are beginning to consider the 
healthfulness of a resort as an important factor in determining where 
they shall spend their vacation. As a result the citizens of the resorts 
are beginning to realize the monetary value of good sanitary measures, 
and there seems to be a general appreciation of the necessity for main- 
taining good sanitary conditions in the communities along the coast. 

This is manifested by the increased activity of local as well as State 
authorities in reporting and investigating the origin of cases of 


—___ 


50 1 Report N. J. Dept. of Health, 1910. 
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yphoid fever as well as by the number of sewage-disposal plants and 
mproved water supplies. In some instances, however, while nuisance 
long the beaches has been abated, and improved conditions in the 
ommunities have thus been brought about, no provision has been 
nade for the proper disinfection of sewage effluents, which in them- 
elves constitute a danger. 

One source of considerable danger exists nearly everywhere along 
he inland waterways in the vicinity of communities or cottages with 
ewerage systems. Bulstrode and others have called attention to 
his danger in England. It seems to be a common custom for cot- 
agers, boarders, and ‘‘trippers”’ to dig clams, for pleasure or profit, 
without reference to the proximity of sewer outfalls. Indeed, such 
dlaces often seem on account of their convenient location to be favorite 
ocalities with such people. This problem would appear to be one 
‘or local sanitary police regulation, although it is of general interest 
yecause of the fact that these people come from all sections of the 
xountry. The use of large warning posters such as are displayed 
rear Atlantic City is to be commended. 

The shellfish areas of Delaware consist of the beds in Delaware Bay, 
and, while the shellfish-growing industry is of considerable importance, 
nearly all of the shipping goes through the New Jersey towns of 
Maurice River, Bivalve, and Cohansey River stations. 
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APPENDIX II. 
Record of typhoid fever cases on watershed of area investigated. 


RARITAN RIVEA AREA. 


NEW BRUNSWICK. 
[Population, 1910, 22,398.] 


Year. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Total. 
BOUG uc = 2 Bo hersisemaatiera 4 6 6 5 yee a eae oe 3 2 31 
1906..... Ne ese an Cie ene a ae es 1 1 2 4 | ee ee 2 13 
RK S| SERS opp eee amar Pree eee | a eee 2 eee 5 13 f 2 4 ao 
“ee Se Gee eine 4 4 On| S..sS4- 9 3 8 2 ME eee reece 33 
a eae 1 | I ese 3 2 9 5 Fal Re cee iL Dai 
£10... {a te, et ee 2 2 4 | ae ae 3 1 18 
See, yt Seis Fy | See eae remem |i: eae ||) Ree 5-4 [laos epee. || Greene 4 3 | ie nro 12 
See (ae |S See eee t 1 |e See 1 3 di 1 ee OES eee 13 
a13....3 2] | Oe |). eae Aaa |i See ewee | e eseee 1 = | one 2 2 1 14 
LS ee | Saga a See gener. | energie | eee: | We remit oe 2 1 | 9 2A; Sage eee. 2 16 

PERTH AMBOY. 

{Population, 1910, 32,425.] 
BP erulsxews ester euaws D beeweas | 14 24 7 5 on 55 
A ER rere oa D fic Bev cch< co- cashes Fee 1 pt Cae ee ee 5 
ss MN oe int aly nent ce vel oad ieee AE eae ein etn Bee 4 5 . ee ree 15 
© ge gee ere ae (0 os See 5 1 1 4 13 20 10 | 8 63 
Uo ae 1 jh eres emer ce eer. et 3 1 9 5 4 5 3 32 
so12.... my | a | eee 2 1 2 5 3 4 7 2 27 
iS nee, 1 See ae | Seen ||. TaeeaeeNe eae 1 3 2 60 24 7 1 98 
SL SER | SSRI | SRI | | A | re | eee | | S| Ane | oe 16 2 5 23 

SOUTH AMBOY. 
{Population, 1910, 6,943.] 
| 
a ee Ory aR 1 are « ey | Ere 4 eee 1 sere eee | Se | area 3 
Ly eet peers Par 2 = Sau em a mee bara areata ers ohare rer arel lesa tee : Le Seems) enemas | enemas (a enens 1 
1912... eee EE nal GORE ER I Te Rees Meas Beer wees 1 
a Cee eee aoe A Seeeeee je Re edd te ie Be Mem ee BAP cee teens Ripepukce 3 
a ae ere Pe A 1 ae et SE ER, ee ER epee 1 
ae ae 
BOROUGH OF SOUTH RIVER. 
[Population, 1910, 4,772.] 
| 

SD b eptepene | "ERY behest 8 oc repaid s Mop heey & Flot dione Sr iacciter Mass sosPrasoonmerass Saat 4 
__ os eee Te ESTO, Pee kee “ity bam nedees biiaeavrt. Ai kehe, Coe eee © ee EERS & abies LEER eS None 
EE ee iedades Meet gal 5) paleo | Frege bibieiet 4 ibe tnass © Rich Epeted 9 end aat Bytes ceciivreser aie, Sete 
RS Pepa ' <I pelemonpeedel pf ARS 9 fet «te 8 Sata ames | 1 CR eee bettie | betehiebed Ghee be | 8 
BOE ecspowewsestoows as oe Neen Deane Cnnee een Deeds eens a None 
ME ae eens ME ee, Meeestee eee 2 Raed T 1 3 8 1 Oey SS eae 18 
(aE eo eee ee cif awia te che Sea ae li ol ene te eres | AE PEN ott Na seus Aeaceds Si uust Sie SOn oe None. 


ee meng sss is Sane SR 


1 Other cases in this area were recorded as follows: 

Highland Park Borough: 1910. 1 case, November. 1911. 1 case, March. 1912. 1 case, March. 1913. No 
cases. 1914. No cases. 

Metuchen Borough: 1910. No data. 1911. No cases. 1912. 1 case, May. 1913. 1 case, October. 1914. 
1 case, January. 

Raritan Township (Middlesex County): 1910. No data. 1911. 2cases, September. 1912. 2 cases, March. 
1913. 1 case, January. 1914. 1 case, December. 

Sayreville Township: 1910. 1 case, September; 1 case, October; 1 case, November. 1911. No cases. 1912. 
1 case, August; 1 case, October. 1913. 1 case October. 1914. No cases. os 
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Record of typhoid fever cases on watershed of area investigated—Continued. 
ARTHUR KILL AREA. 


RAHWAY. 
[Population, 1910, |,367.) 


Year. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Total. 


DONG i cclcecacls ta cseeloocangeleaceg es 25 1 1 1 3 Shas panwaleenee se 35 
CU eee Pelee ea ais 1 1 Bis ccacslevenavelescurendcerses= Pee, ae a 
GOOG E cceclaese as [rates salv~onene 2 lon <ntenls tenetel= eee oe 4 4 J Beer ae 11 
BOUO: siaccl a ois tcc 1 2 5 2 a i 1 mes As 2 a os Mes eer) Series 1 1Z 
ROTO S «niall siasateie x's 11 4 1 Ce MAPS E Be crepe! (ny Coe 1 2 Oa case 24 
i : i Aare ol cteaia ceding aisle terete Silom eteagle saa onsloameawelemiecee 4 9 
4992752. 3 Co eegennaese 2 Oilesacssufe sos se Ct en 1 Peecccne 1 15 
Ot ee eee eee eo ae emer oe, Brier a one ir 7 oe ee 7 Dilan tho thsstape acho seneee 10 
Leo als sae v aloasinee al sise oe Sales ateale A esesskel erected EG cs ccsthanssiangleenoees 1 3 
SUMMIT. 


[Population, 1910, 7,500.} 


DOG ea Al zicsseca Mole «is oll Soinis « stlinw tins als cenialtae soe 3 | OG sjcmamseraliaianageacd 3 1 6 
1906....- Bi nininiacid AEE oc aie oldotiesitabda seins « 2 1 5 Fl nnamsithicncan sabato 10 
NOU. 5 Ae ooo Nas 32 ae hee on alae ee ae ee tape enee 1 1 FS 1 5 
1908..... 1 1 |e Seren PEN. sin aahie de dvd snemed a tuacomadianmemiaia mane 2 6 
1909..... 4 De ce oat. ty ce al ae obias alewte ta 1 ly Ree a eaeee | mee 7 
AOUO. viccclc ata are es] vena oof oe Rais lece Neate ayaa Cleans a betaine ote Silaee sass a igcon ts 1 5 14 
|) re 1 1 siyaitte He aaa @iel an await ele ante ieee ale eas S fu casanssoracealnsete ce 1 5 
19125... se Braerealicaaw sa D dosaieg ta Sore se x olee eS a eele Seices6]3sMcaSal-sewmadieas cecslewesene 4 
CUE nes eee Be eee SEs an -mere |aeee Be 1 7D (eS ae v2) Baie pe 6 
1914..... 5 Brlcswisernd bh. cate ectascsdteses athe ada 1 yp Ene Oe 12 
ELIZABETH. 

[Population, 1910, 73,858.] 
WO05 sscdhdvcsaes ise... <3 SP ees eee 2 9 1 5 4 2 25 
1906. ... @eecsced 1 1 1 3 1 3 4 3 2 4 27 
1907. wd 2 eaccwos 2 3 3 Ape 2 3 3 5 1 23 
1908. . 1 2 2 ie eerpeeees 2 13 il 3 a are ae 2-35 2 43 
1909... 4 8 9 4 2 2 2 6 5 3 3 2 50 
1910. ... 1 2 3 2 1 3 1 5 24 2 7 3 54 
i) 5 ay 3 2 3 4 1 1 2 2 4 8 4 3 37 
$012.5 53 3 2 3 2 1 2 8 13 5 7 5 3 54 
1913... . 6 1 2 1 a ay ers 4 7 8 7 1 2 41 
1914.. 3 5 Piivesccek 1 1 2 3 2 2 1 6 27 

ROSELLE PARK. 

[Population, 1910, 1,246.] 
FOG c:cioc| Se acsal dd acs eccewive|s. cate Sb Roe Babe Bie ey ERO ES ree. 5 clei scescliwecterlecccatt 1 
BOOG . ois legen sb )aiasinen silos sieve cal tera src/eral) arorerainte owlea on ten floans ee ieee as Oe Lacsig Sei el lcahste ayela te aaa eee None. 
BO Fn ais a| ai aeraig scl aicteians.« afin are <rsarel se nerd. ove tare dalle G1 ae Se a Bet suuingetelindsine val coma a eae oem 1 
BOOB schol sive cle aa 6d iow win Sp AS Sw) a-a F] rajoresap oh ax cedar Smee RES leis ciaem tee Sea er een oa 1 1 
TOUS e See coal. gece s oirosa ck coe ot oelow ce bt Sleaua ache cee maine pt ceils Se Smee en Sere eine seer oaanae None. 
BES ska Re vine Sacto wae Ole eeiarcattl aoa we «8 |uteeea are ties wick Cit eee isola e ee as we eR Sema Bivetcm ent 1 
POU As. 8) ee vac kl vsicoeh tfe'ew cca nndatnt|clwm abel a gas cael ceca leash eBlccoeno le caeeetiaewa ce a etieeee None. 
1913. . Mil. woaaehlcse soe [as cacti bl sigan ete tases oe GEE A ates emieee eticw aah as core iss este Cle meceee i 
BO1S. . cthicccdwalccecs ctheawccalt lees adedlge cs -otimeceseale seaeen ines e050 SM cccsetiaccecsblasccnoe 1 

IRVINGTON.! 

[Population, 1910, 12,017.] 
BONG ol atomchnmemdis DF cg gain] stance <iniclsna an scm teen sic hain patties asim $00] dsm ie 6 A 1 
Wes. GARRY a PHO. oll. beens ab Th. dene US sh SUE | ated ss. IL. DORI. ae 1 
LOU pace alll cde oil's ctescsisie | atetere a Bitoni cisephosiae eel atle is Gm nis wae 4 1 2 Ae Fees 8 
ORG ee Hoes? Bla Heese Gslecd sb detes Se dbblweccteesdee soft eu anne MSSU SOT 2 RR Rats 1 


1In the township of Woodbridge there were 7 cases of typhoid fever in 1914—3 cases in August, 1 in Sep- 
tember, 2 in October, and 1 in December. 
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Record of typhoid fever cases on watershed of area investigated—Continued. 


ARTHUR KILL AREA—Continued. 


TOWNSHIP OF SOUTH ORANGE. 
[Population, 1910, 2,979.] 


Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Total. 
OE OEE 2 Ne Fe eet (eae 6) RE ters) eee Ss ORea ere 4) Cee eee me ewe we None. 
eek ci eee Ast | ley | heat 8 3 571 atten (A ene < (dee Ade’ I dhe 6 
PAE Btn. a | Re ntl deeh eta 2 |e mele | ese nel 2 re Pte A Ol Whee Mad 1 3 

ENT eR Ryd iy(2 | a Baas: 21 ieee) ih 4 lice lege Raa || Aeiaireteny | Soci lise |e | alia 1 1 

gy ROA? Faeba BE) APS ia Aenea Mts: Lahey | Aine Aman a Meera 1 dlr 1 
catepstriere tie) |S 2 6 Td rectaternertdl iarcvmrtonerse) wens 12 
Be Po RAS oe stil bee Seen ae i irs Sedna 1 jl || Siar u 5 
PERE Se oe ee ee Ek de ld at steal ee werent iL 4 
Ep aie ooo a Gee aS |e ee A 1h Se ae oe Wiens x yetluncad nee oman oe 2 
el paicies Pe ain LACUS. SUE re Oe ae Gt EES SESE! epee ae 
WEST ORANGE. 

[Population, 1910, 10,980. 
SR BEES ote) eee) ae 1 ERR 2 xt ys eee St abe Ok eieede © 1 3 
12 Se See beter ie Meee apse trie 1 1 1 1 hg exer rage | see 6 
eA eee wen SS SSE e a ee So Slee os acl e siicim elimina oauare) 1 1 peoaseds tat keen on ii 1 4 
ES Se Sere, aeeeere | Seam 1 [BON cls pace lle el am Me nee Se ee es || |, Suc 2 
Es hele yinaesieccebelkciaes eee Bieansed a 1 MMi ing eee eae 1 6 
aE RNS crc ee Pac Bares tu ite alee scacl ee wee ore eee 1 i el eee all Siva Pee cee 5 
Ls Se | eee ene eateries of) Cree eee ere 2h We -kabies 1 Bi ieergoewel Semone s 1 8 
Bee Pade os ela wane Pel awecment ecco mals +t aap eat Oa. seers Pialeatere ete 7 2r ase 11 
RE PEMD fae eae ON 6 es Boel 2 2 a creme liam @retae ele a oraale | Mal keeectachriey eal ces tie eee terete 1 
SS ees ee 1 1 TE rover ates eee ieee ener 1 3 i all scien | eeenenes 8 

TOWNSHIP OF CRANFORD. 

[Population, 1910, 3,641.] 
a, SR eee a cee meee Ui arate at re ibe oho asthe Fs Seaplane cts ameter ete 1 2 
LPL LISERETE E) SEES) | SES Se Rear etalthekez coastal ccarelsvanade layoik mocaatoisicesnnt ats 1 Fal: Sone aioe 9 aria 2 
SA aN aca can eres arava = Nhu, sara atten a: ce ar syatelllo;ova ee mii Da Votes ciaigll deter ee el miemeete | he aan 4 
2 Eee! ne eet ie alae el igre = 3 13y) SUR clea etree ee 1 cD aes Mae oad 16 
MRC epee as wa we ahs saw once wo aeisc [ia einteie stall Aone sale a ee ae cy ee |r ae eine} 4 
vik ert ac cea alle areas et oe out opal a eeanod MO rare coe ticiacet eel are, oeietelliwd 2 crc oe 3 
LL Spe Re ages 5) ies ry ee ere MET cs csulerate | aap aed oie cia se 1 1 7 ee ee ieee “ee 4 3 
7913... eeeeheleey > eeeler rece es ceo len aero | al beers ae irene) ear ena clraa=E | pecan 2 
Pare ne rors eel fete) wo mrstttaim crore! atolftotays Sialele)lfaatsiaimrcre tos asimiatal Nie eraorn [eisai Pi: sure willie ciactt None 

BOROUGH OF ROOSEVELT. 

[Population, 1910, 5,786.] 

Aten Seen RE BE) OS CE OE Re es | Ian BSP 4 
008-11 _}......- EE Er eee) Seen ey eee te Sanne Sees nes | eee! Sees None 
i | fa gat Ae Metin ollie Seis wan a ae le cated cif erm arern'el| oS eran Re sre euskal eee 9 
ae Se Pi denoe 2 | ae | | 1 2 ERE | ROP 7 
il sale i | We, RL 5 ee | Rcaries iat |S, TERR AOI N Mee A 2 

VILLAGE OF SOUTH ORANGE. 
[Population, 1910, 6,014.] 
1905... Cs eee 1 m lscee ens | buetuinelnetess 1B eter 1 4 4 15 
ae ee a b eee ees 5 9 2 2 Tee. 21 
1907... OS Fa, ih ak RS ae 1 1 2 i ome 6 
a 1h Pica nce eee Corer ee Cee Pee eee 2 5 | ee: 9 
Le eee Beco bin ae 1 1 | ee eae 2 SO erator aa 1] 8 
JS eee Phe arg et i eres ee Cee eet 1 3 | ee 6 2 14 
as ee | a 2 2 1 35 eee RS Pere 3 13 
a ee hexane IEGEES Everty| Preece! DRenOee Prem prcs- 2 7 accent Raine SE: Ott 10 
1913 EMS nicer er eek na we ele: Bement setisdes soslet sce ecll te ecca a eater pe | reer eam 2 
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Record of typhoid fever cases on watershed of area investigated—Continued. 


ARTHUR KILL AREA—Continued. ; 
TOWNSHIP OF LINDEN. 
[Population, 1910, 1,988.] 

Year Jan. | Feb. | Mar. | Apr. | May. | June. | July. |Aug. |Sept. | Oct. | Nov. | Dec. | Total. 
TOROSTD: = te eR Seas Ene eS 8 See eo shee ore cera ae ete eee rete rete eee eet oe ete eae ee ere cao eee ae None 
VON Ree co chotie ac cleeeos closet er cler ao: 6 Ate co Sal ies See et etnere Mae ste MCE oe = orate a eal ee ois e 1 
EGU all cee crcyeters Siulcawes cdleoe en sane ba stale ae oon oe ea eee ce le coe QU bexacsee cece 5 
oy Re Sp [ae geen) aac eae en hpraemncae le Reedy ||) ope aes, semctenmie (3 er eis el |e geet SL Ske eerie ae Sak ae None. 

WESTFIELD. 
[Population, 1910, 6,420.] 
TOOTS 2 dial Sas ael oe eae alieeic ces eee epee eee HT Si, eae ee ee ea [ea ae tt sot eae ae 2 
BOOS Ee Poy eels pelea race les Sh sce one Ty Napali ps anit ae 1 1 2 1 6 
1909. 3 6 1 Le ane a ate Dah ee IS KG cee bel eR 2 se ee ie hes 12 
VOU Se Sie a eee lees ces eae so.= oie oreeeeicise = Smee re eeeieeee 7a les ete i eS Fe eons Ce 3 
Te eee lerccgenteces| atcnnereree| casement letras meated| (eermerseapen | strapon! fs, marae 2 1 IS SSS acer ee 4 
HO Ga es a ee cetera | SOP el) ae ee Dien Scie 1 3 1 py Semper Leads fh SSeS 6 
TORRE ah pees eS a & Eee Wd Hane yb oe Seeley, ¢ deeeeee et sabes te 4 
1914 Be asc ieias Oba: eee 2 1 LS Roemer Deane ye 4 


EAST ORANGE. 
[Population, 1910, 34,640.] 


FOOT ial aniseed ate chiseyonnif aber aroma nel art pcemcis ne inca hawaonomatees i Se 2 2 18 
1908... | Roel bee eB ae ec eee 1 1 3 if} 2 10 1 la ES 21 
BOBO eer sss 5 1 1) 1 Wl J. 203. 1 4 lhe Bln toon crlhcishranats 1 12 
1910. . DuleSeeees I lesieece SAE SH 4 Taso 6 2 2 T 25 
1914... es Pee re ery ee Ee 2 1 2 _& aie 3 3 1 16 
1912... «3 : ee aoe. Pm > een Le i Ee 1 6 3 2 2 2 20 
LOR a woo eitets Serie he ek oe esti cack ate te sito rs cae lass. oleae c.ceeinas cae ahens cies Meee co cm omen es None. 
1914.... i Sere |p ete 1 @ Res fame 1 6 Ge Sok. 2 22 
TOWNSHIP OF MILBURN. 
[Population, 1910, 3,720.] 
Ds ccc t eee eteib eee nele secs mie rein scl bebe serie ties so 1 yl ae secrets | ps Repets Bee Eee 3 
VOGT occa Societal esc ecoeroereece ere henna cure Poweaninyrel enema Sine eats Ae ers a ee 3 
BOOB o.oo 0 cecal oes mrealicmm nce wilstec Sa 50] s< 22/9 SO Remrmarn mae ceaee Meee Ben b liccctecisemn cease 1 
TOU arta recta New acals, ese eead Lesh EOS) OT, BEC cE ees ome (ergo dope: ae 2 
Eero Rae ee Chenin s Aone mein, (am. eeaen PROBATE. AS PPARs 1 | Nee eeres Hee cente Seamer t 3 
PUES ces Oo icles aes cn Lh. FAC URS PURE ee | oo 2 8 ns a Ne ae woialn as 1 
1 a pam fetes eget lke ad Wea aI l(b ha | [ie as | |i pam ta [te Sees |g Ss ge [tae None. 
RGN tee ee atece ns oat os oo tame ieee nae ai bale cre te aeane OND cs ons HE om CUE oe ale eee 1 
7 CRRA Sees | 2 emia 22 See | eC Perens | SE eae LS Ne, | ORNS | SARI | Si mRaeR| MEMES, | “Sine 1 
NEWARK. 
[Population, 1910, 349,608. ] 
BOOTS Cul Dewees cts ars ae areal icra raise ttok pene ee 22 39 40 42 43 24 210 
1908 . 17 17 5 10 15 14 14 25 19 17 18 8 179 
1909... 6 10 14 10 14 10 14 30 34 42 16 9 209 
1910. . 9 6 5 7 9 8 21 37 20 32 16 9 179 
19th... 8 9 6 14 12 25 24 29 37 23 4 14 205 
1912 4 10 13 4 20 9 25 37 20 20 16 31 209 
1913 12 2 it 10 19 12 21 32 3l 20 21 0 187 
1914 3 2 4 15 12 18 101 28 21 25 4 11 244 


1 Cases from July on. 
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Record of typhoid fever cases on watershed of area investigated—Continued. 


LUPATCONG CREEK AREA. 
KEYPORT.1 
[ Population, 1910, 3,554.) 


Year. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Total. 


ee Rn Be ee Sc ee UI Oe CRG tek cy ceed SMe IB oa cee ure Seen Sint None. 
a ae | PRbh ee | 1 7 7 rb Rae e SE CARS a 3h 19 
Ny Te al eae: Seibel: Sheree AE hich gaan, bidet Ma erwin’! Scented, Seat ales oie 2 
SHREWSBURY AND NAVESINK RIVER AREAS. 
BOROUGH OF ATLANTIC HIGHLANDS. 
[Population, 1910, 1,645.] 
| 

2905-9. .|....... | doit | epee ap I ea | -+n ScbGh 5 - dd - apstied eS Re ETS ee eee None 
eh ae eee ee eee errs han. eee oF els Benoa 1 | pane 

Se eoeee pes Seo Sy aera) aes Gon gr abode rowelesouredias est pers y. oo None 
a eo Baines: EE Be Eee. ee ke ees Cee he ec , 

3 = a ae | See ein | ee ee alee So otaese toe eal arse oie =o | Beeoecs | Se meaedel Se grt None 


TOWNSHIP OF RARITAN. 
[Population, 1910, 1,583.] 


Ny Ss Cee: eee oer ae 1 de Me aN el Perc! hy 2 
ng eee REE MAURIE As at EN, SDE See ce celal) ne Abert: a ae opemnaee i 1 
SE, RR, SOR es SS GAR RES Be RR, Oe Seen . oe ‘ 
ee et Blah Ecru etna: vena shoouve - oh tuesey 1 2 3 
ew ce lee ee ee ae ee orp ela ag < ag Re a ace ew ale we 5 atalfe arate n a None 


TOWNSHIP OF MIDDLETOWN. 
[ Population, 1910, 6,653.) 


See ecg ne af gee] gear tae) en Cree lem setae aR Pree Rae el ees rg i creas ee gal aes (en ri None 
RN Neen peer c) alpen ad erry = hes ana ahs earl ere a | x sates cre hs doped Peeps) SiS oes ao dele ws 2 5 se Sa 

+1 om ava ce ete Oi ae: panera Set Sens ipa ingen 2 ce el 9 se | Pe aera | yccaremer aed re em be ee None 
£911. O Neecomre| en. tcieulehecs ieee sees cS sien ge aes Nunta | eee Sneetoae | Se Seen | Se 

DE a ee 8 eee eee i ee eee oer ae | Ree Bete |e eee gh es eee 1 4 
Se heel alll hy AE DR 4 ae SE RS BLE anes A A ee ee eee ee oe eee None. 
ert ae be | eels cet aac bcs fee eas co lab eaye salle tsi a a)elmnic a alter eine'e ate D hetero dateeereslonent 2 


BOROUGH OF RED BANK. 
[Population, 1910, 7,439.] 


BOROUGH OF RUMSEN. 
[Population, 1910, 1,449.] 


Beale an wlan dete ke ee 

ga eee Seiad exe Seamo tere Tae Pena! oe ee) air aie ei 

GES igi Cee Dae Ne TEAR Lane Ac! ieee Meee. eae | Rises nies | as See 1 

ae ce | nc ) ae | ANE Rae coe. — ee eb Bp nk 
| | 

ESE, RE Doe ES Te aL Ee Ca eae Seen eres Cee eee 


1 The record showed no cases of typhoid fever in the Borough of Matawan from 1910 to 1914. 
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Record of typhoid fever cases on watershed of area investigated—Continued. 


SHREWSBURY AND NAVESINK RIVER AREAS—Continued. 


LONG BRANCH. 
[Pepulation, 1910, 13,391.] 


Year. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Total. 


yc ight Seateleks | oe Mates 5 [ead 4 Siete | ate at 3) se 49 3 2 4 4 1 14 
1908 2... 4 tp ee A a Oe pee 35 
O00... lave vette teed eke ee eis vn eek Re ies ob yw PEE hoe ne ee ee ee (3) 

i SOLE SE? AER SER 0) SRE 5) Coen: PRA E edo: 4 Raia © Balin 6 
Wit Bees Ae a cable ceaak ook eek oe 1 2 1 3 56 7 18 88 
1912. . i 5 5 i 3 2 5 11 6 =e ee 3 45 
ee Seas 2 3 1 1 Ver N 1 1 9 4 1 24 
Sibi ele ee ee ee eee 6 5 1 2 1 16 


BOROUGH OF HIGHLANDS. 
[Population, 1910, 1,386.} 


5 Tse al See =a | cee (sey rN puma || Neg eet | P| [ART ey [RC Sk gl Sees Bec Rn Baa |i Sk None. 
OU Seta cess ata talon c-adal ee wata soc Se aac mralercronpstane Ietmioateane tL | Recipies |= Pee oS q 
bo) i re ee ee eee a ae ee ae eo 1 1 pee Fe | eee (pean ae! | BERS 2 1 


TOWNSHIP OF SHREWSBURY.! 
[Population, 1910, 3,238.] 


MOOS Sess e Sea So. 5c esse Pees ee oes | Sar ee bo aeesieeeceee i EE eee et Sees & 2 
105 La cea el a AN CE Rage ee rte | ees Geet dee eaeacal exo ear 0 ee ee a (eee ee 2 
LO e ash ese eee aoe Abe flee ae Disasters acs Sse cheavacoslecedonaloehsede sd eaeslens Seas sas 2 
TiS) TS Seb BR | ee at 1 Sk Caen) [enlace ed) pepe etna ae, Pact Ml Dreher, AS Sees et > 1 

5 Te pea TSR FA mee | Usa roe|( RRP eg ee ee ean Oe | Ue ry | See | oN Pn a tS 2 None 


ATLANTIC COAST OF NEW JERSEY AREA. 


Place. 1900}1901)1902 1905 190 1905) 1906/1907/1908}1909)1910)1911/1912)1913}1914 
PMOAMIIUSU. cc. seco ths cee esos Oy OT OF OT OT OT 8 Oy C0 er He 8 eo 1 
HICAl BOGOR. 66 is. wc chains ns, cca San es 0! O| 0150), OTTO Ol. O70) 8) Os Or or 0 
Manasquan........ Ate che sak Sass aw cae cls a aie | ear ee Seal cl is Ne Bolen sls se alae om [reise ele Sel eee 1 
Borough Spring Lake. .........-- boca | ene Onl OS OF) Os 40 OF Easier <i oe 4 3 
GSPOQIOT DCOCH oy cia sis vos oie dae saber Oa OS OF: 2) Oa Sr 8) Dar OOO Or ae 2 1 
IP ICASANE VAG a osc :oc cc kine sistema teacmens O20. SO Qh OM Fe On OF OF OO} 4 eile Cf e485 
PNCCQBRC IY = io a56 nan aeicney ane Sac eae 0}; O; Ty OF OF. O} O} OF OF O153) 2) °O7 8 7 
Cape May City once ie ciscsis tte dec OO} SES da crOaeyeyi 4 | by O} 2 4 ries 2 3 
NOMRENG CIV i warsebrn a cisaorteiercader Oa el ee RT | oem eR Be Ee 0 0 
BOroughiOLAVON. oss <.- ssdseecne os © 07) 205] 05/20 15-0 202) 0") OF Or Or 20s er momiene 1 
Egg Harbor City << <i. sc cccereseseaes 0-1 Qu) da Oat Gk Ss a eer pone ha 4 
Borough Seaside Park...............- 0.) -O-1 O04). Ode hOul OL) 00 Do OLE ED Na, ae ee 
B@qe I AVGR ys civxc2 i icleccowoorscteeis O:} 0+). O4.:0). O04. 6.) O740)) 04 OL Sat ee 1 
Borough-Sea Isle City ../............. 0.) O02) HOR Or)..05..0.1..0.) Oh OTT Osa ae 2 
Wild wood City. ..<...csencowers Bes. 0)... Qo. O dn pded = Oks O.4, SB ST AA eee 3 4 


1 Cases from July on. 

2 July to December 30 cases. 

3 No record. 

‘Tn the township of Eatontown the records showed one case of typhoid fever in June and one in December 
in 1912, four cases in May, 1913, and one case in August and one in September in 1914. 

The local record for the Borough of Seabright showed one case in February, one in August, and twoin 
December in 1913, and one in October and one in December in 1914. 

Local records in the Borough of Fairhaven showed one case in September, 1912, and two in the same 
month in 1914. 

6 45 cases among nonresidents, probably due to eating raw clams. 
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Record of typhoid fever cases on watershed of area investigated—Continued. 
ATLANTIC COAST OF NEW JERSEY AREA—Continued. 


BELMAR. [Estimated population, 1914, 2,553.] 


Year. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. Nov. | Dec. | Total. 


ae ee EE ee cca nn Soo Ge Gee monn na ia 


1905. . 1 3 eS eee SET: RS - a has data s'tne | eee PS eae ae 7 
Ls re SE Pt ee Seer Ty 2 ES de do cfe uaa dase nes Gants deckentaated=s 4 
A RR Rares oes Ss Sree core od eee LS peer Serer or Oh aber ae laa 2 2 
Ee Oe eee! Bere reer tes rere oe ess (eee 2 3 | ee ae ee Poe 6 

ie ee 2 SRR eR Ee OE SS ty ee DP liexrarant ete ein trae betes ee gl torw ate eee 1 
OO nee 4 ee, ee ee eee eres Bo ed bce leics cpt nn ener hae Sve tee toosings = ul 
| eee ees ee or 1 0) pee iis ae es ee i La ee sel bobegear 4 
1912... © Gide Beas dalsiiass-tatedewe ORE er cele Seta. aoe t eof + ae ase eect ta 2 
ee ee reteset CLERC Coke Gi) kai Weltee tcl ihe delidedle Bho ce chiaestdl: wrecosncsemi tegen in 1 
SES, SRS SA PERS Seer eter) cae | ee Pree S Lieswwenueran 2 


a Re, | Re ee ee ee rs eee 2 fice) selec eros 3 3 9 
1908... ere eee ac eres, io eae acer Near oe 1 1 3 7 3 17 
1909... j | See as Di Neeerca 2 een ool tea toe iz 2 9 10 Ae Se ae 29 
Ao10s. . 1 lie pacha tear es 10] Dee, oer ge 2 ee eS 2 Bil wae ee oe ee 9 
eS eee 1 1 eter ee) en 0. {ee te @ | ean Sega ee 2 14 
VER YD Seer Seon ee 1h 5 < ocaes,. | ee ane 1 2 2 3 ee ee wa 16 
US BLES 8 Se 2 eee cee Ete otk ssbctanas eee 1 2 2 1 AM eee ee 1 9 
ORT eee | eee ree BA Pere eee 1 1 2 2 Ce a 1 1 9 
ee ee ee ee ee ee ee es 
ATLANTIC CITY.1 [Population, 1910, 46,150.] 
ra l 
1900. . 3 0 4 1 0 1 0 HRS Devers 4 1 ) 18 
1901... 1 3 2 1 0 2 3 12 13 19 3 1 60 
1902. . 1 0 1 2 2 2 4 10 36 15 9 2 84 
102/05 ee 3 0 0 ih 6 3 3 9 7 3 4 1 40 
1904....- 3 5 2 4 3 0 9 14 6 6 0 5 57 
1905... 2 2 2 1 1 2 2 11 10 3 6 hf 43 
1906... , 2 1 2 6 3 7 10 8 14 2 3 59 
1907... 4 1 2 1 4 3 4 10 9 4 3 1 46 
1908. . 1 ye oe ee (Fs RE eS Men Bier as oie eal a ee mg at aA fetta i 9 
ec es, Sweeps actor me nite ais ain ee 1 + 6 5 4 AND. 1a eeesh 24 
et 25 bah eer ae Sy ean 2 oa Pe ee Pes 1 6 12 10 12 6 Pe seee 50 
a ew is 2 Ab Di: sarees bese © 2 4 12 2 11 er epee! 27 
1912... 1 0 1 5 4 3 6 7 1 4 1 2 35 
1913. 5 BP itot Aon 38 ener lon sees 1 4 15 5 5 2 2 42 
1914... i 1 1 (oe eee 2 1 9 6 D1 7 1 41 
915. .. 1 1 REE | AERA Re oe re 4 8 AR ihe 3 Set TER SSE Is ee er ore a 20 


1 Summer population. 

1 The typhoid fever records at Trenton show that 2 cases occurred at Bay Head in 1914, 1 case in 
1904, and 2 cases in 1913. 

No record of any cases of typhoid fever at Toms River could be found in the local records or at Trenton. 

The typhoid fever records at Trenton show that there was 1 death from this disease in Barnegat in 
1913, 1 case in 1910, and 3 cases in 1909. There appear to have been no cases of typhoid fever in 
Tuckerton from 1900 to 1914. 

Island Heights Borough: 1910, no data. 1911, no cases or deaths. 1912, 1 case, July; 2 cases, August; 
no deaths. 1913, no cases or deaths. 1914, 1 case, October; no deaths. 

Ocean Grove (not incorporated): 1910, 1 case, May; 1 case July; 1 case, September; no deaths. 1911, 1 
case, May; 1 case, September; no deaths. 1912, no cases or deaths. 1913, no cases or deaths. 1914, 1 case, 
July; 1 case, September; 1 death September. 

Point Pleasant Beach Borough: 1910, 1 case, September; no deaths. 1911, no cases or deaths. 1912, 1 
case, July; 1 case, September; no deaths. 1913, 1 case, January; 1 case, May; 3 cases, July; 1 death, May- 
1914, no cases or deaths. 

Sea Girt, not incorporated and no records found. 
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Record of typhoid fever cases on watershed of area investigated—Continued. 


MAURICE RIVER AREA. 


MILLVILLE. 

Year. | July. | Aug. | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. |Total. 
1907-8. 3 3 3 ual eee eae anaes 1 yb res fs eget (28 1 ean 14 
1908-9. 1 3 7 dil Ndr 2 alia gd 2 Beamer 1s et eject, ais.) 2 eels so eee 9 
POO LOS loos Stel sa chee 1 ee See eave) FN Fal ee at Ree Fre Ore tS ey ie Pre 1 
1910-11. 4 1 3 2 1 (leg eaiaes. teed ie eats bed 1 Bots 1cfsehe = shan 14 
1911-12. . 1 1 3 De |-s see Let ath all a se fas Pips, Seth see Oe tel Peper 12 
1912-13. 1 3 ba ape lo a Paar) rll Been ip eee er ERC oe Srp os seat 14 
Ors las | ahs 6 4 2 1 2 US ape eee Reape, feos) Parsee a 3 1 20 
EO14—15)< Sf Sd 1 1 1 1 = og (Eoagpared 2 1 1 Ho se ate 1 14 


COHANSEY RIVER AREA. 


BRIDGETON.) [Population, 1910, 14,209.] 
cat ali geesip Nee aeenca as Sk ee SE, a 


1907-8... 5 dl ee oe See eee ad 14 : ees oS eee a eee eS cS) Be ceer O 20 
$908=9. 0 F |. waceabihe = nnia-% 7 L Bin arescrsta. «te hoterenend a be rovomanind = Biliorovomad = sitive a eee oa 13 
1909-10. . a ee eo I inn jo woeiharorarand nlp hexceanndictc li nord Ale on beg pees Eee 4 
1910-11 2 2 3 5 2 6 On booastek 1 eee eee ore 28 
1911-12. . 6 4 3 BP ao tok 2 VG Cees ts eee me | ewer ot 2 eee os ES SY 18 
1912-13. . 3 AN wee 1 3 UAE Ce eee ee & 6 ees ee 1 1 14 
1913-14. . be vesseg A}... 4 2 1 1 dal cnnakent nant Rlacnveed 28 1 35 
1914-15... 5 9 6 | ee 1 Did aa's Petronas tenledaaroa 1 1 27 


1 No cases of typhoid fever have been reported in Greenwich Township for the past eight years and no 
cases could be recalled by the local physicians. It should be remembered that in this township at the 
village of Greenwich Pier are located the floats in which oysters are laid out before they are shipped. 

Hopewell Township, which lies between Greenwich Township and the city of Bridgeton, had 11 cases 
of typhoid fever reported during the period from 1907 to 1915, of which 6 occurred in the month of 
September, the others having been chiefly in the summer and autumn. 

Fairfield Township, which is below Bridgeton and on the opposite side of the river from Hopewell and 
Greenwich Townships, showed a record of 12 cases during the py from 1911 to 1915. Of this number, 
11 cases were reported from Fairton, an unsewered village on the river below Bridgeton. The cases were 
rather evenly distributed throughout the year. 


APPENDIX III. 


Report on Ocean City Outbreak of Typhoid Fever by New Jersey 
Department of Health. 


The Ocean City epidemic of typhoid fever is of especial interest 
for several reasons. 

It is a marked illustration of the danger of a pollution so aptly 
described by Houston as bemg— 

‘“‘Specific, and recent in character, although comparatively small 
in amount.’ It is of interest, too, in showing the value of health 
authorities freély communicating with the health authorities of 
other communities with reference to cases evidently infected in the 
town from which they came. 

It is believed that the report on this outbreak by the New Jersey 
Department of Health is well worth reproducing. 


OUTBREAK OF TYPHOID FEVER IN OCEAN CITY.' 


An investigation was begun on September 12 of an outbreak of typhoid fever in 
Ocean City. Preceding the time of this inquiry no information had been received 
from the local board of health of Ocean City showing that typhoid fever had prevailed 
there during the summer months. With information from the bureau of health of 
Philadelphia, under date of September 10, stating that more than 20 cases of typhoid 
fever had been reported to said bureau during the preceding week in which infection 
was claimed to have taken place in Ocean City, and that eight of the persons thus 
affected had been guests at the Hotel Bellevue, the local board of health was called 
upon for information concerning the alleged outbreak. 

The records in possession of the local health official then showed that three cases of 
typhoid fever had been reported during the summer. They had occurred in non- 
permanent resident persons, occupying separate private dwellings, under dates of 
July 16, August 1,and September 5. Infection in one of these cases had surely occurred 
before the patient came to Ocean City and one other was probably of foreign origin. 

While the local board had no official knowledge that other cases had occurred, a 
rumor to this effect was under investigation, and evidence had been gathered showing 
that a number of guests at the hotels Bellevue and Oceanic were taken ill just pre- 
ceding their departure from Ocean City or shortly following arrival at their homes. 

An inspection was at once made at the Bellevue Hotel, which was then being closed 
for the season, and a request was made of the proprietor for any information in his 
possession which might assist in procuring the names and addresses of guests who were 
known to have been ill prior to leaving the hotel, or soon after their departure. This 
information was refused upon the ground that the lease had expired and the present 
management had no interest in the matter. 

It was learned, however, through an office employee, that the hotel accommodated 
about 200 guests and employs approximately 40 persons in its management. Appar- 
ently reliable information was obtained showing that none of the employees of the hotel 


1 Thirty-fourth Annual Report Board of Health of New Jersey, 1910. 
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had been ill with typhoid fever. An inspection of the premises showed that the sani- 
tary appliances in the hotel were in good repair and apparently maintained in cleanly 
manner. Water had been drawn from the public supply and milk obtained from a 
local dealer. There were no vaults on the premises, and the surroundings were found 
to be free from objectionable accumulations or structural conditions particularly 
favorable to the spread of the disease. 

A visit was next made to the Oceanic Hotel, where the names of a number of persons 
were secured who were known to have been ill just prior to leaving or shortly follow- 
ing departure for their homes. Other information was freely given to aid in a search 
for the probable source of infection. The Oceanic Hotel accommodates about 400 guests 
and employs about 40 servants. In so far as known there had been no case of illness 
among the employees that in any way resembled typhoid fever. Except that flies 
were rather numerous in the kitchen and other rooms connected with the culinary 
department (probably due to the manner of handling and storing garbage), the sani- 
tary conditions in and about the hotel were satisfactory. 

In order that more data might be had to furnish a basis for an intelligent inquiry, 
a request was made of the department of health of Philadelphia for further and definite 
information pertaining to the number of cases reported to said department which have 
a history of having been infected in Ocean City. Pending receipt of this information, 
with the knowledge at hand, and with the assistance of the local board of health, a 
study of local conditions which might be responsible for the spread of infection was 
continued. 

So far as known at that time, none of the cases had occurred among employees of 
the Bellevue and Oceanic Hotels. Inspection of these two premises had revealed no 
conditions likely to be responsible for the outbreak. The milk and water supplies 
were investigated with negative results and the possibility of infection from a carrier 
case inquired into. Considering that there were about 80 employees in the two 
hotels above named, none of whom had been ill, a source of infection common to 
guests only was sought for. Owing to the lack of information concerning the number 
of individuals who had contracted the disease and their movements at the time 
infection probably took place, few lines of inquiry entirely disassociated from the 
hotels in question could be carried out. In investigating the source of food supply, 
it was shown that oysters and clams were among the articles obtained by both hotels 
from a common source, through which the infection of typhoid fever might be con- 
veyed. Both houses served raw clams and oysters to guests, but not to employees. 
It also appeared that this same dealer was the only person in Ocean City who had 
furnished little-neck clams to hotels during the summer. It was learned that these 
clams had been procured from various beds in near-by waters, while oysters had been 
obtained from a single shipper at Maurice River. The oysters were not floated or 
otherwise treated in a manner likely to expose them to infection after they had been 
received by the dealer. A portion of the clams that were used had been taken from 
the flats in the thoroughfare which forms the western boundary lines of the island 
upon which Ocean City is situated. Numerous persons had taken clams from this 
thoroughfare and some had disposed of their catch to the dealer in question. While 
no definite knowledge was yet at hand showing that any considerable number of 
persons who became ill had partaken of uncooked shellfish, this line of inquiry was 
included in the investigation, and the facts which were gathered shows a condition 
to have existed which is favorable to the spread of typhoid-fever infection. 

It is claimed that only a small portion of the clams taken from the thoroughfare 
were of the little-neck variety. These were practically all used to serve on the half 
shell. ‘There can be no doubt that the clams which grew on beds on the thoroughfare 
were taken from waters which were not only grossly polluted, but also infected by the 
discharges from typhoid-fever patients. Clams served by the Ocean City dealer 
were at times stored on a float moored at the dock at the foot of Twelfth Street. As 
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early as the middle of July one lot was stored on this float for a period of about 10 
days. Other lots were subsequently thus stored on dates which could not be defi- 
nitely fixed. More than a thousand clams, containing some little necks, were pur- 
chased by the dealer from a local fisherman during the first week in August, that 
were then stored on an adjoining float at the foot of Twelfth Street. 

About 75 dwellings built on land bordering on the thoroughfare have house drains 
which discharge directly into the water. In one of these houses, 1342 Pleasure Ave- 
nue, a guest who came to the house on July 28 was taken ill with typhoid fever on 
August 1. The case was treated in the dwelling and the discharges were disposed of 
through the house drain, which discharges into the thoroughfare at a point not more 
than 100 yards distant from the clam floats above referred to. A drain from another 
dwelling discharges into the thoroughfare not more than 20 feet away from these 
floats. 

Outlets of the public sewer discharged crude sewage into the thoroughfare at the 
foot of Third, Twelfth, and Fifteenth Streets. The summer population of Ocean 
City is approximately 30,000. The entire sewage from Ocean City is discharged into 
the thoroughfare, through the above-described outlets, and mingles with the waters 
which flow back and forth through the thoroughfare and over a number of the beds 
from which clams are taken, a few hundred feet distant from the sewer outlet. 

The last of the data which had been requested from the department of health of 
Philadelphia, concerning cases that were accredited to Ocean City, was received 
on December 10. This list included the names of 31 persons, and makes a total of 
45 cases which are known to have occurred among persons who had spent some time 
in Ocean City during the summer. Owing to the fact that the outbreak began about 
the middle of July, and that no effort was made to determine its source until the 
second week in September, by which time many of the hotels and cottages had been 
closed, and most of the infected persons had departed for their homes in other States, 
it became exceedingly difficult, if not practically impossible, to obtain full and 
accurate information for a satisfactory study of the cause of the epidemic. Unverified 
reports of cases have not been included, and there are doubtless other cases that 
have been entirely overlooked because of the obvious difficulties which were en- 
countered when gathering the facts. A tabulation has been made of the data in hand, 
from which the following summary is given: 

According to information furnished, the infection which caused cases 2, 3, 4, 5, 
and 25 must have been contracted before the individuals in which it occurred came 
to Ocean City, and 43 and 44 did not become ill until after the usually accepted in- 
cubation period for typhoid fever infection following their departure. 

The seven cases above referred to can not, therefore, be chargeable to Ocean City, 
and the data relating to them have been excluded. Considering clams as a possible 
source of infection, these cases can, however, be counted as having a bearing on the 
outbreak, for in so far as is shown by this inquiry they were among the very first to 
occur, and include case No. 3, which occurred in the dwelling, No. 1342 Pleasure 
Avenue, from which a house drain discharged into the thoroughfare near the clam 
floats at the foot of Twelfth Street. The occurrence of these cases must have con- 
tributed typhoid infection to the sewage discharged into the thoroughfare just pre- 
ceding the infection of cases which took place in Ocean City. 

There are six cases in which sufficient information has not yet been furnished to 
determine definitely whether or not infection took place in Ocean City, but inasmuch 
as the data furnished favor this view, they have been included among the cases shown 
to have contracted the disease while there. There are 38 cases in which the infec- 
tion is presumed to have taken place in Ocean City. The statement furnished show- 
ing where these persons resided and whether or not they ate raw clams in Ocean 
City is given in the following table: 
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Number of typhoid fever cases in Ocean City who had eaten clams. 


— 
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The data show that none of the cases which occurred in persons residing in private 
dwellings ate uncooked clams, while a large percentage of the cases occurring MOORS 
the hotel guests are said to have eaten them. 

The preceding table also shows that 29 out of 30 cases occurred in persons residing 
in one of three houses. In looking for an explanation why patrons of other hotels 
should have escaped infection, we have the statement of the shellfish tradesman, who 
is said to be the only person from whom little-neck clams can be purchased in Ocean 
City, that very few hotels or boarding houses were supplied with clams by him to be 
served on the half shell. The names of the following houses are said to have served © 
little-neck clams during the summer: 

Bellevue Hotel, served frequently; Oceanic Hotel, served several times each week; 
Normandie Hotel, served four times during the season, hotel closed September 7; 
Hotels Strand, Raleigh, [linois, and Oxford served little necks on alternating Sun- 
days, and the Traymore and Swarthmore were supplied not more than two or three 
times during the entire season. One or two private houses were supplied with little- 
neck clams on a few occasions during the summer. 

The dates of attack have not been accurately supplied in a number of cases, Ac- 
cording to what appears to be a proper arrangement they occurred: 


Cases. 

bE TS M8 ae 0 con a Oe ROE Ar ESE pet urea PRR PPI 3 
BRON Wee ta DI ao cas. Liat bt psittaci batt etc Pine Si ie 0 
Piret week tie AUS cpp 8 pos ate > fanechan sob bainaiowios «Bia ia) ate Mike le 4 
Second wee i Agee 2 cee eters tpi len Arte la es Bie ee ie Se 10 
Dire Weel 2 AMOI oie techie nachna a Coan eet ate ete tee g 9 
Rourth Weels iM ANGUS. pese eine etl eee re Eh al a ie te mttee 4s 14 
First week in Septem bets uana a5 oy act nanbaetiit Shetehursetncxntsl davtaielA <i stele 8 
Second week in, Sep taMe D6T a 6 6 teed nt iat talitt Ai lar PR Li. he ee 1 
(bird. week: in: Seber aR ic wo 1 od Waco ctn ind seb sean dent ee epledatias abesneeie 0 
Fourth, week a Sepieniher 4... 50 4 eset emake coaleledele Geamd-Eeislet awed cohen 3 
pV gers haley Wig agg i ely ay Big NE eee. « ers Sr aay inn alee leet cg Se st 45 


The infection therefore appears to have been most active in the latter part. of July 
and during the first part of August. The first few cases in the outbreak, which had 
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their infection before coming to Ocean City, occurred between the period of July 16 
and August 4. 

The home addresses of the 45 persons infected are given as: Philadelphia, Pa., 40 
cases; Ocean City, 2 cases; Camden, | case; Wilmington, Del., 1; Unionville, Pa., 
1 case. 

The data concerning the ages of the persons having typhoid fever is so incomplete 
that it bears no significance, and is therefore not given. No cases are recorded, how- 
ever, in persons under five years of age. There were 29 females and 16 males included 
in the outbreak. Eight cases are known to have proven fatal, and others were still 
very ill at the time information was procured. 

Owing to the difficulty encountered in gathering much of the data used in the 
study of this outbreak too much reliance can not be placed upon its accuracy in some 
cases, and so many facts are lacking in others that no positive conclusions are justifi- 
able as to the true source of infection which caused the epidemic, but strong pre- 
sumptive evidence exists showing that many of the cases are traceable to infected 
clams taken from the thoroughfare. 

The sewer company and all private owners of properties in Ocean City polluting 
the waters of the thoroughfare by discharging sewage into its waters, have been notified 
to discontinue such pollutions, and there should be no repetition of the conditions 
which led to the epidemic of the past year. 


RELATED PUBLICATIONS. 


[Unless marked with asterisk, copies of these Bulletins or Reprints may be obtained from the United States 
Public Health Service, Washington, D. C., without cost. Publications marked with asterisk may be 
obtained only from the Superintendent of Documents, Government Printing Office, Washington. D. C., 
at the cost indicated.] 


HYGIENIC LABORATORY BULLETINS. 


“35. Report on the Origin and Prevalence of Typhoid Fever in the District of 
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle (including the 
following articles: Sanitary Inspection of Table Waters Vended in Washington, D.C., 
by Joseph Goldberger; Typhoid Bacillus Carriers, by Joseph Goldberger; The Lon- 
gevity of B. Typhosus Outside the Human Body, by A. M. Stimson; The Alleged 
Rule of Intestinal Worms as Inoculating Agents in Typhoid Fever, by Ch. Wardell 
Stiles; A Sanitary Survey of the Drainage Basin of the Potomac River, by Joseph 
Goldberger). February, 1907. 361 pages. 9 maps. 7 charts. 2 diagrams. 6 fig- 
ures. Paper. $1. 

“44. Report No. 2 on the Origin and Prevalence of Typhoid Fever in the District of 
Columbia. 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 63 
pages. 7maps. 4 charts. Paper. 25 cents. 

52. Report No. 3 on the Origin and Prevalence of Typhoid Fever in the District of 
Columbia. By M. J. Rosenau, L. L. Lumsden, and J. H. Kastle. October, 1909. 
160 pages. 10 charts. 10 maps. Paper. 

*66. II. An Organism (pseudomonas protea) Isolated from Water, Agglutinated by 
the Serum of Typhoid Fever Patients. By W. H. Frost. 14 tables. 4 Charts. 
References. Paper. 15 cents. 

_  *72, I. Report on an Outbreak of Typhoid Fever at Omaha, Nebr. (1909-1910). 

By L. L. Lumsden. 6 tables. 4 maps. 5 charts. Appendix. 

Il. The Water Supply of Williamson, W. Va., and its Relation to an Epidemic of 
Typhoid Fever. By W.H. Frost. 13 tables. 1 map. 3 charts. N ovember, 1910. 
90 pages. Paper. 15 cents. 

“77, Sewage Pollution of Interstate and International Waters, with Special Refer- 
ence tothe Spread of Typhoid Fever. I. Lake Erie and the Niagara River. By Allan 
J.McLaughlin. July, 1911. 169 pages. 55 charts. 16 maps. Paper. 25 cents, 

78. Report No. 4 on the Origin and Prevalence of Typhoid Fever in the District of 
Columbia (1909). By L. L. Lumsden and John F. Anderson. (Including articles 
contributed by Thomas B. McClintic and Wade H. Frost.) October. 1911. 196 
pages. 27 charts. 15 maps. Paper. 

*83. Sewage Pollution of Interstate and International Waters, with Special Refer- 
ence to the Spread of Typhoid Fever. II. Lake Superior and St. Marys River. ITI. 
Lake Michigan and the Straits of Mackinac. IV. Lake Huron, St. Clair River, Lake 
St. Clair, and the Detroit River. V. Lake Ontario and the St. Lawrence River. By 
Allan J. McLaughlin. March, 1912. 296 pages. 91 charts. 39 maps. Paper. 30 
cents. 

89. Sewage Pollution of Interstate and International Waters, with Special Reference 
to the Spread of Typhoid Fever. VI. The Missouri River from Sioux City to its 
Mouth. By Allan J. McLaughlin. May, 1913. Paper. 84 pages. 

96. I.. Report of Investigation of Coastal Waters in the Vicinity of Gulfport and 
Biloxi, Miss., with Special Reference to the Pollution of Shellfish. By R. H. Creel. 


148 


RELATED PUBLICATIONS. 149 


II. A Comparison of Methods for the Determination of Oxygen in Waters in Presence 
of Nitrite. By Elias Elvove. August, 1914. 

104, Investigation of the Pollution and Sanitary Conditions of the Potomac Water- 
shed: with special reference to self-purification and the sanitary condition of shell-fish 
in the lower Potomac River. By Hugh S. Cumming. Plankton Studies by W. C. 
Purdy, and Hydrographic Studies by Homer P. Ritter. February, 1916. 


PUBLIC HEALTH BULLETINS. 


*51. The Causation and Prevention of Typhoid Fever, with Special Reference to 
Conditions Observed in Yakima County, Wash. Appendix A: The Construction 
and Maintenance of a Sanitary Privy. Appendix B: Measures to Prevent the Spread 
of Infection from the Bedside of a Typhoid Fever Patient. By L. L. Lumsden. 
November, 1911. 53 pages. 5 charts. 13 figures. 2 maps. Paper. 20 cents. 

*65. Typhoid Fever in Rockville, Md.: Report of an Outbreak Caused by an In- 
fected Water Supply from a Deep Well. By L. L. Lumsden. 5 cents. 

74. Investigation of the Pollution of Tidal Waters of Maryland and Virginia, with 
special reference to shellfish-bearing areas. By Hugh S. Cumming. March, 1916. 


REPRINTS FROM PUBLIC HEALTH REPORTS. 


*56. Report on an Outbreak of Typhoid Fever at Des Moines, Iowa. By L. L. 
Lumsden. January 27,1911. 26 pages. 2 charts. 1 map. Paper. 5 cents. 

*67. Origin and Prevalence of Typhoid Fever in Fort Smith, Ark., and Measures 
Necessary for its Control. By W. H. Frost. October 27, 1911. 19 pages. Paper. 
5 cents. 

76. The Necessity for Safe Water Supplies in the Control of Typhoid Fever. By 
A.J. McLaughlin. March 22,1912. 13 pages. 5 tables. Paper. 

*77. Sewage-Polluted Water Supplies in Relation to Infant Mortality. By Allan 
J. McLaughlin. April 26,1912. 36 pages. 24 charts. Paper. 5 cents. 

104. Outbreak of Gastro-Enteritis and Typhoid Fever Due to Drinking Water on 
Excursion Steamer. A report of an investigation of an outbreak of gastro-enteritis 
and typhoid fever at Clinton, Iowa, and other towns along the Mississippi River 
among excursionists who had been on a river steamer July 29 and 30. By L. L. 
Lumsden. November 29, 1912. 

157. Typhoid Fever and Gastroenteritis. A Report of an Outbreak among Pas- 
sengers of the Steamship ‘‘Rochester’’ September-October, 1913. By Hugh de 
- Valin. December 19, 1913. 

161, The Wilmington (N. ©.) Water Supply. An investigation made during No- 
vember and December, 1913. By Earle B. Phelps. January 9, 1914. 

168. The Water Supplies of Ships. A Discussion of the Water Furnished for Drink- 
ing Purposes and of the Methods of Sewage Disposal on Ships on Inland Waters. By 
Hugh de Valin. February 13, 1914. 

*181. The Pollution of Tidal Waters. Its Bearing on Health and the Importance 
to the State of its Control. By Hugh 8. Cumming. April 10,1914. 5 cents. 

*204, What is a Safe Drinking Water? By Allan J. McLaughlin. June 26, 1914. 
5 cents. 

*213. Safeice. By Hugh S. Cumming. August 7, 1914. 5 cents. 

214. Studies on the Self-Purification of Streams. By Earle B. Phelps. August 
14, 1914. 

225. The Chemical Disinfection of Water. By Earle B. Phelps. October 9, 1914. 

*939 Bacteriological Standard for Drinking Water. The Standard Adcpted by 
the Treasury Department for drinking water supplied to the public by common car- 
riers in interstate commerce. November 6, 1914. 5 cents. 


150 TIDAL WATERS OF NEW JERSEY, NEW YORK, AND DELAWARE. 


247. Sewage Disinfection for Vessels and Railway Coaches. By Leslie C. Frank. 
January 1, 1915. | 

*261. Hypochlorite Treatment of Water Supplies. Portable Plant. and Field 
Equipment for its Administration. By H. A. Whittaker. February 26, 1915. 5 
cents. 

299. Essentials of Swimming-Pool Sanitation. By Wallace A. Manheimer, Ph. 
D. September 17, 1915. . 

351. Artificial Purification of Oysters. A report of experiments upon the purifica- 
tion of polluted oysters by placing them in water to which calcium hypochlorite has 
been added. By William Firth Wells. July 14, 1916. 

362. The Sewage Pollution of Streams. Its relation to the public health. By W. 
H. Frost. September 15, 1916. 


O 


SE Sto hm, 


